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THE GAS LIGHT & COKE CO. 

FINSBURY COURT, FINSBURY PAVEMENT 

LOJMDON, E.C.2 

Tclcflraphic Address : ' Telephone Nos. } 

“BLANGUS, AVE, LONDON." London Wnll 7100 & 7271. 

MANUFACTVRBRS OF: 

TAR PRODUCTS: 

Ben^ol^ Tolaol^ Solvent Naphtha^ Liquid Cafbolic 
AcM (Cresy)ic Acld)^ Crystal Carbolic Acid^ 35“ 
and 39/40“ C. j Creosote for timber preservation^ 
Fluid Creosote, Soluble Creosote (Disinfecting 
Fluid), Green Oil, Pyridine, Naphthaline in 
various forms. Dehydrated Tar, Pitch, Black 
Varnish. 

BETA NAPHTHOL, SALICYLIC ACID, B.K 

AMMONIA PRODUCTS; 

SULPHATE OF AMMONIA (25 pef cent, minimum 
guaranteed). 

LIQUID AMMONIA (all strengths). 

NITRATE OF AMMONIA. 

CYANOGEN PRODUCTS: 

PRUSSIAN BLUES and BRONZE BLUES, of 
various grades, in paste, lump, or powder, suitable 
for paints, linoleums, printing inks, etc. etc. 

CYANIDES OF POTASSIUM AND SODIUM, 

PRUSSIATES OF POTASH AND SODA, 
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MODERN COKING PRACTICE 


CIIAPTKR I 
INTRODUCTORY 

In model n coUiiij^ [jiiicticc coal is sulijccted to closed disl illa- 
tion, and in the oven a primary separation of volatile maiter 
ancl solid lesidiie takes place, The fust volume lias cIimIl 
with the solid residue, and the object rif thi*, ‘iccoiid xolmiic* is 
to describe the modern method (T extracting fiom tlie vohaili' 
matter the valuable constituents, tai, ammonia, .uid hen/.ol, 
^cnciall)'' known, eiillcctivcl)’, as b^'-piodiicts. 

'rhou^ih not usually classc'd as a liy-piodiut, the suipliis 
gas from a coke pl.int is of Considuoible impoilam e, .ind .i 
consideration Iheieof is acu)nlingly iiu hided in this x olmiu' 
'I'he volatile inattei .is evolved lium the co,d i*. .i nuviin,. 
of fi xed ipises, I'cipoin s, etc., sonu' of the \ ajxmi s lx iiu> trad il v 
condensed b)’ nu'ie iot>lin<.g otheis lienu; milv i miden >i d 
imdet Kindilions dillu lilt to eht.un on a tnamif.u I un lei •,< ,d( 
Some til till' lat It'i c oil 4il iienls, h( iW'iw ei , au- mdiibli i ii . . ■ |,i m 
!i(]iiids Olliei t onsl ituents, sui h .is animoiiM, on heui" di . 
solved [lom the \(ilatile ni.ilh'i, fotiii ,Itii k m - f.ip.ible ol 
combining with oi di ^■..ijleiiig nliiei ( oiiTinui'iiis, s.i ih,ii th, 
stjlulion.s ohl.niHd aie b)' no nie.uis pme 

In gemi.il the uioveiy ol the li\-p!ndiuLs de|)eiids on 
tuo pi IIU iplcs, the fust being c.ikIuI legulaiion of i((n[,(i,i 
tine to bung about tondiiisatioii <d the bulk ol easily (on 
denst'd [iiodiit ts, i ombiiU'd with met li.uiu al me. ms loi leuiov al 
of the l.ist ti.Rcs ol suili piodiuls 

'bhe second consists m biingmg tlu' gases into lulimale 
cont.tct with the vaiious solvent.s used loi leniov.il ol (Cfl.iin 
dchniLe ctnislitueiiLs. The composition of the l)}'-pit)dut is is 
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given at length in later chapters, but the connection between 
the ultimate analysis of coal and the elementary analysis of 
the by-products is Interesting, and is shown in diagram form 
in Fig. 1. 

Cardon Hydhogen Oxy(;rn NnuodKN Sulpiiuk Ciii.ouinr Ash 
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l''in. I. 


The diagram is based on actual analyses and )'ields at a 
by-pioduct coking plant in which the coking was cairicd out 
at a comparatively high temperature. The tliffcrcnce between 
the actual yield and the yield in the laboratoi)' is mainly clue 
to decomposition of hydrocaibons from the volatile matter, 
indications of such decomposition being apparent in the coke. 
The relatively high content of oxygen in the coal, and conse- 
quent high yield of liquor made is obvious, and in the instance 
given the strength of the liquor was lower than the average 
obtaining in coke plants generally, but the propoition of 
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nitrogen converted into aminoni«a was satisfactory. It is 
scarcely possible to give a distribution chart of this nature in 
which all the items exactly balance. However, the difference 
in the totals in this case was very slight, and the allowance 
for this loss pro rata was of little conseciucncc. 

In the majoiity of coke plants the by-products are re- 
covered in their crude state, but the tendency now leans 
towards fractionation and rectification, increasing thereby the 
number of products dealt with. The intermediate products 
obtained are shown in Fig. 2, which likewise indicates theii 
final destination. 


CIIAI’TICR II 


COOLING AND CONDENSING PLANT 

Tiiii gases from a balU'iy of coke ovetis or from a set linn of 
a battery unite in a collecting main, the individual ovens being 
connected by means of an ascension pipe and valve (|'’ig, :i, A), 



the latter being m the majoi ily of t .ises ol the mushioom l)’pe, 
althougli [)late valves an* ot t asionall)' used, 'I'he ina|oii(y ol 
oven biiildeis suppoit this ('ollcctmg mam at stnne distant t* 
above the oven top to secure fiee .iccess of an all i omit I, 
utilising the cooling effect of the atnujsplu'ie and insulating 
the main from the heat ladiatmg fiom the top of (he ovens. 
This, however, increases the length of the stand-pipes, and 

consequently the difficulty of clearing them of deposited 

s 









COOLING AND CONDENSING PLANT V 

lieu Iralisci Lion of the effect of the huHt thus liberated retjuiics 
the absti'ciction of approximately four times the number of 
heat units to be abstracted in coolin^^ the fixed gases. Con- 
sequently tile area of cooling surface on an average coke 
works by-j3i'oduct plant should be greater than the figuie 



usually given in g, is works puactice, and Ihownter's oxperi' 
eticc .suggests that in cooling suifact' calculations an alloW' 
ance of fiO sij, ft. of air-cooling surface in atidilion to 50 
scj. ft. of water-cooled siiiface per ton of co.il [jc)' da)' is the 
minimum. 

After leaving the collecting main the foul gases aie cooletl 
in special apparatus to a tcmpcratuic controlled 1))' the type 
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of recovery plant. Thus in direct recovery plants a coolin^f 
down to about 80° C. is .sufficient, l)ut at the same time 
the tempeiatuic must be brouj^ht within shat ply defined limits, 
and in these cases a cooler in which watei is the cotjlinj^ agent 
is somclimes adopted as the temperature Is more easily con- 

tiolled, In the majority 
of the older plants, and 
in many semi-direel 
plants in which the gas 
must be cooled to about 
80° C., atmosi)heiic 

coolers are used to bring 
down the tempera tine 
of the hot gases imme- 
diately after leaving the 
hydiaulic main, the firnd 
cooling being adjusted 
in condensers of the 
water-i'oelcd tyi)e. 

Atmospheric con- 
denseis may be of iIk* 
L}’pe shown in h^ig. .*), 
consisting of a verLu.d 
(yliiulei (if steel plate 
suiioiiiiding a snudlei 
vertical c^liiulei '1 he 
gas jiasses thiough the 
concent lie space as 
shown. The gas IS thus 
cooled by two surfaces, 
an iniHM- and outci, 
I'K,. H.— w.ao Cmuk’niei. w hilst additional cooling 

effect may be obtained 
by spraying water on the intci ior sut face. The inner cylindei 
also acts as a chimney, and an upwMid cuneiit of aii is thus 
generated. 

Theie is a tendency for the gas to lake the siioitest 
passage fiom the inlet to the outlet (shown at H), leaving 
pockets of stagnant gas as indicated l^y the shaded portions K. 
It is therefoie an advantage to inlioducc a spiral baflle, IC, to 
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and is directed through the series of plates (consisting of one, 
two, or three pairs) to the upper portion of the ap[)arntus. 
This apparatus also acts as a governor, helping to maintain a 
steady pressure, The dium is balanced by a c()unter[)oise, 
and in case the upper scries of perfoiations becomes clogged 
with tai 01 naphthalene the resistance offered would increase 
tlie pressure underneath the drum. This would cause the 
dtum to rise, exposing another low of perforations and 



Fu;. ().— ]'cloii/c uiul Audoniti Tai KMraclor. (W. C. IIiilnu'sA ( o ) 


relieving the [iressiuc. In case tiic chain holding up the dium 
wcie to hicak, the above makers have fitted to their machines 
the relief valves which arc opened by contact with piojections 
on the gas passages, the gas then having a free pas.sagc to the 
outlet. In some cases the bell, instead of hanging fioin .i 
vertical rod, is fixed to a horizontal shaft as in Ing. 10 (Mallet 
tai cxtiactoi). Ihc bell is .slowly revolved Ijy the worm 
gearing as shown, and is washed by contact with the tar 
collected. A certain proportion of naphthalene i.s dissolved 






COOT.ING AND ('ONDKNSTNG PLANT 


in Lhis manner, and the apparatus will work for a longer 
period before it is necessary to clean it by l)y“passing' and 
steaming. P’ig. 1 1 shows an apparatus designed on similar 
lines to the Mallet, the rotary shaft in this case being inclined. 
Having thus dealt with the tai, there still remains ammonia to 
be dealt with. A large proportion of ammonia has already 
been removed in the air and water coolers, and in the tai 
extractor if a “bubble” type is used foi the latter. 'I'lie 
lemoval of the last traces of ammonia is carried out on certain 
definite principles, depending' mainly on the solubility of 
ammonia in water. In the first place the tempeiature of the 
water used and of the gas treated must be low, usually not 



more Ih.iii d'lu' fignu's below show Iht* elfis I 

temperaluie on the sohibilil)' (*f ainnuini.i m walei 

'renipu.it lilt; (ii.iHi. \iiiiiiiiiui 'Misnitietl 
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In iheseiond pl.iec the .unoiml of w.Uei usetl is mipoi l.nit, 
since it SCI ves to dilute (he hcjiioi idliinately ai i iving at the 
sulphate house. A weakei liriuoi ie(|uiics a guMlei con- 
sumption of steam in that depaitmenf, and il dilution is 
carried to ext ess, difficulties in manipulation of the sulpliate 
oi concentiated liquor plant will aiise. It is therefore 
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obvious that contact between f*as anti water must be as 
efficient as possible. The efficiency clcpencls on the mechanical 
means for cnsuiing contact and on the duration of conlacl. 
Washeis of the “bubble” type mi^dit be u.scd, but the high 
resistance offered usually piescnt.s too great a tlrawback. 

Water sprays with suitable precautions may be u.sed, or 
films of water induced by centrifugal action. Washcr.s 
of this type, whil.st occupying less space and being intensive 
in action, requiie mechanical energy either by pumi)ing or 
by rapid i evolution of a shaft and appliances attached. 
Suiface contact is hugely ulili.sed, and in this case the aim 
of the designer is to scciuc a material which offers the greatest 
surface in a unit bulk. 

In the earlier types coke was used, but wooden boards 
set on edge represent recent practice. Surface contact 
apparatus may be divided into two classc.s, stationary or lower 
scrubbers and rotary sciubbeis. Fig. 12 slunvs a modern 
arrangement of tower scrubbers. These consist of two 
vertical cylinders A, of cast-iron or steel plating filled with 
packing as shown at ]{, suppoiled at vaiious points M by 
angle irons or biackcts, etc. The packing in this case cr)n- 
sists of boards, six inches wide, five-eighths of an inch thick, 
set on edge, and half an inch apaiL. Allcinatc layers arc 
set at right angles to each other as shown, whilst in sonu^ 
cases the lower edge is serrated to distiibute the falling liquid 
more evenly over the .succeeding la)'er. Walei is caiefull)' 
distiibuted over the whole aiea of the uppeimost layci fiom 
the main c by vaiious devices, such as jets playing on flat 
plates, etc. It is highly important that these jets, etc, be 
easily acce.ssiblc for cleaning, as even distribution of washing 
liquid is a primary essential. Gas enter.s at the base, an<l 
flows ill opposite direction to the iit)uid. 

Towel scrubbers should be tall and narrow, rather lluin 
shoit and wide, to lessen the tendenc)' of the g.is to l.ike 
a selective path, the height being loughly seven times the 
diametei. A surface contact scuibbcr of the lotaiy t)'pc 
is shown in Fig. ].‘5 (“ New” washer scrubber, W. C. Holmes 
& Co., Huddcisfield). The chamber in this case is hoii/oiital, 
and is divided into sections as shown. In each section is 
a circular plate E attached to the main .shaft by a cast-iron 
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Fig. 13 — Revolving Washer Scrubber, (W. C. Holmes.) 
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boss. To oach side of this plate a series of brushes K is fitted 
radially, the brushes forming a dose fit between the plates 
N of each section. The gas is thus compelled to pass up* 
wards on one side of the plate, and downwards on the other, 
thioLigh the inteistices of the bru.shcs. 

These brushes, passing through the liquor M in the lower 
portion of the scrubber, are kept moistened, anti thus the 
condition of the intimate con- 
tact with wetted surface is secured. 1 sT/ 

Water is fed into the chamber p 

at C, and passes through the sue- “ 

cessivc sections b)^ means of inlets 

lij, 1 I 2 , l[j„ II, „ etc., and overflows j iyU [U^ ^ 

Mj, Mg, Mj„ M.p etc., finally leaving r' ^ 

the scrubber through the seal I), , 

Thus the wa.shing medium is pass- ^ / s ^ 

ing in opposite direction to the [K 

gas, which is thus purified in ^ 

stages, the final washing being \[ )\ 

with the weakest lit|uid. This 

counter-current piinciple is im- ^ r * C 

I » 1 /• * II I -Vo ^ 

portaiil, and is made use of in all 
recent types of scrubbeis. Other 

types of rotary sciubbcjs are . v — ■« 

worked on the same piinciple, | 

but with different packing male- '’’"i—l ^ feiHj - 
lial, wo(xlen balls, thin met.d j v ^ ^ 

plates in bundles, 01 c.mv.is kl 

sciec*ns being used foi this pin- 1 

pose. An example o( the ceiiU 1 - ,, p7i7~IT^.h4^,7w. Mu . 

fiigal type of washci is shown in (KnUh.uu, lluU-ii cii.uxii* 1 ) 
Fig. M. 

This e.x.imple consists of a sei les of supet imposed washing, 
chambeis A U’hc washing medium is inlindiiced .it D, and 
l)asscs successively tlnoiigh e.uh chamhei. The diiving 
shaft is vertical, and is actuated by bevel gearing at H. A 
distributing device fur each chamhei is attached to this shaft. 
The device consists of a ilish with perforated sides as shown, 
to which is attached a series of pi[)e bends dipping below 
the surface of the liquor. The revolution of the shaft causes 


C ^ 


.vk— 5*^ 

K F’W't 


I’ li. II ( i iiHili4;.tl W.islu I 

( Kiilili.tiii, IluIcK I ) 
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the bends to scoop up a supply of liquor, wliich is then 
energetically sprayed by means of the perforations and 
centrifugal action. Tlie liquor in the foim of a series of 
films or sheets passes light across the intervening space to 
the outer casing as at E. The gas must pass’ through these 
films, and if the supply of liquor and the speed of the shaft 
is maintained thcie is no opportunity of “.slip.'* 

An intensive type of sciubber designed by the writer is 
shown in Fig. 15. In this appaiatu.s, which is also .suitable 
for tar extinction, the principle of a liquor spray with certain 
modifications is utilised. Tlie use of a spray per se is by no 
means novel, but the main object of this invention is to bring 
the gas into close proximity to the points of gcneiation of 
the sprays, thus utilising the portion in which the liquid is 
at its highest velocity. I'or this icason the gas is .sub- 
divided into a .series of comparatively nanow concentric 
passages, actoss which the jets of liquid are thrown. In this 
apparatus the units (one of which is t,hown on an cnlaigcd 
scale) consist of an innei liquor distiibuting tube H and an 
outer controlling tube c. A mere tightening of the cap r> 
secures both tubes in position, and ns one end only is con- 
nected with tlic body of the chamber, the unit as a whole 
is free to expand or contiact, The distiibuting tubes arc 
connected to a common chain licr m, fed by a pump, and ate 
drilled so as to jiiovidc any desired numliei of spiays as at 
K, in addition to the external spiay from the ca[) D. The 
total area of conccntiic passages is designed to be appioxi- 
m«atcly equal to the aiea of the main gas inlet, .so as to 
equally distiibnte the gas amongst the several units. The 
action of the washer is as follows Gas enters the appaialus 
and passes upwards in the various concentric passages, Here 
it is cooled by contact with the lubes li, all filletl with cii- 
culating washing liquor, and biought into active coiil.i. t with 
the liquid by the mechanical action (T the spiays at [• On 
reaching the tops of the tubes the gas then enters the space 
K surrouiuling the external tubes and passes tiownwaids to 
the gas outlet. As this .space is also consti ictecl, the gas is 
forced into contact with the whole of the cxteiioi .suifaceof 
the controlling tubes r, The spiays in the cajis D and the 
grooves F cnsuic an cejuat distribution of tlie washing medium 
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over Lhc surface, so that we obtain here the conditions of 
good surface contact, whilst any liquid carried over mechanic- 
ally from the inner sprays has an opportunity of separating 
from the gas. The washing medium is run off froin the 
outlets N through a common seal pot. The liquor and tar 
from the various sections of the by-product plant are usually 
conducted to some type of separator in which the tar sinks 
to the bottom, the ammoniacal liquor remaining on the top. 
The products are then run off at different levels or ()umped 
into their respective storage tanks. In handling the ammoni- 
acal liquor it is advisable to avoid any unnecessary exposure 
to the atmosphere. Some of the overflowing liquor, as for 
instance from the hydiaulic main, is at a fairly high tem- 
perature, and lhc loss clue to volatilisation of ammonia is 
appreciable and at times severe. The writer has experience 
of a decided advantage in substituting a closed tank for an 
open type of separator. Where it is desirable to have over- 
flows under visual observation, it is advisable to intnxlucc 
special bends with faced inspection flanges, which may be 
weighted and hinged to allow of easy access. The question 
is of considciablc importance, and has been dealt with at some 
length in the Annual Reports for 101-1 and 1015 of Mr W. S. 
Curphey, Chief Inspector under the Alkali Works Regulation 
Act. The results of several interesting experijnents arc 
given, showing the advantage of covering in all seal pots and 
siphons, and the beneficial action of a .superficial film of 
mineral oil as a protective layer in liquor storage tanks. 
The report also deprecates the [practice of dcHveiing liquor 
into tanks from pipes allowing the liquor to fall through the 
air, and recommends the lengthening of such pipes so as to 
seal the ends in the liquor. 
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GAS EXHAUSTERS 

The gas exhauster has been described as the lieart of a gas 
works, and the title applies with equal force in the case of a 
modern coke plant. The usual coolers, washers, scrubbers, 
etc., offer, in total, considerable resistance to the passage of 
the gas, and it is the duty of the gas exhauster to overcome 
this resistance. In some of the more recent types of ammotiia 
recovery plant the gas is forced through a bath of sulphuric 
acid in addition, thus increasing the woik of the exhauster. 
By the mechanical assistance of the exhauster the gases and 
vapours, etc,, should be conducted fiom the coking chamber 
as quickly as they are evolved. If the suction due to the’ 
e.xhauster is not sufficient to remove these gases a pressuie in 
the coking chamber is developed, and the gases ten<l to 
“short citcuit” themselves, thiough leakages, into the side 
flues, the action being intensified by reason of the slight 
suction in these flues. If the oven wails .ue tight theie is 
still the lisk of the gases csca[>ing throiigli the luting of tin* 
oven doors, and in any case thcie is a positive loss of g.is .ui<l 
by'[)roducts. On the othei hand too gt<*at siution from tiu’ 
exhaustci lends to diaw m <iii thiough the luting of the 
doors, the effect in bad cases being seen in an ovei lusiled 
crown of the oven, dt*comp(Jsilion of sonu' (if the by-puKlin ts, 
and deteiioiation in the (pialily of the gas. In ginieial it is 
advisable to woik the exh.uister at such a spc’cd as to secuie 
a “ level gauge " at the ovens. 

Various types of exhau.slcis aie used, such as jet ex- 
hausters, positive or lotaiy exhausters, and centrifugal turbo- 
exhausters. The jet exhauster (h'ig. Ki, has the advantage 
in the absence of moving parts and in compactness, but It has 
an attendant disadvantage in the laige volume of steam 
actually introduced into the ga.s, necessitating conden.sation 
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and removal at a later stage. The suction is built up in a 
sciie.s of nozzles A, being primarily induced by the steam 
introduced at K, and controlled by the needle valve D. A 
sleeve n, regulated externally by the position of the indicator 
c, serves to cut (Uit or thiovv into action a series of openings 
according to the volume of gas to be dealt with. The gas 
enters at 1C, is trapped by the expanding jet of steam, etc., 
and leaves the apparatus as shown, 

The rotary exhausters may be .said to have s[)rung from 
two early types of machines, the Beale exhauster and the 
Roots blower, The Beale type consists of an outer casing 
and an inner drum, the latter serving as an axle to drive 
various forms of blades in such a manner as to sweep through 
the ciescenUshaped space l)etwcen the drum and casing. As 
the blade revolves it forces the gas foinvard to the [)r(^ssure 
side and creates a partial vacuum on the .suction .side. Tlie 
drum serves two purposes: it dri\'es forward the blades and 
acts as a non-return valve to [)revenL gas from the pressure side 
pa.ssmg back to the suction sitle. 'rhe earliest tyj)e of the 
Beale cxliaustci is shown in Eig. l(i, W. In this machine the 
slide c:, passing thuaigh the axle is, was gLii<lc<l by blocks D 
lunning in a lecess ic in the end plate. 'The pins K loUUing 
with the bl<)cks D scived to maintain nibbing contact lietweisi 
the slide and the oiitei ch.unbei. 'I'lie slide was in two 
portions, c.irefiilly machined and sliding owi each other in 
the slot in the axle. The guiding blocks in this < ase tiavelled 
at a liigh linear speed, giving lisi' tii C()nsi{|ei,il)le fiietion. 
This defect w.is remedu'd in llie l.itei Be.de rxlianslei in.uni- 
factuiecl l)y (lie Miyan Donkin t'o. (h'lg l(i, /,’y Jn ihi^ the 
guiding of the slide motion is Inmighl to tlii‘ c( ntie In’ using 
a block c running on a pin fixcil in one o) llu- (Sid pi. lies. 

1 he slide is c.ist in one piec c, and tlie bloc k pro\’i( led nine li 
laigei wealing siufaces as compared with llic' nldei guiding, 
lings. In additioii, the liigli liiUMi velocil\’ of the c iiciiin- 
feiciUial guiding blocks is avoided, the telalive vcloc ity ol the 
block C being leduced to only a tenth ol th.it obtaining in 
the Ol iginal t)'pe, 1 he internal fiiction is so innoli lediu'ed 
that the pow'ci lequiiecl to diive llic' exhaiistc'r has been 
led need by 2.^) per cent. The chamhei is bored to the exact 
oval shape described by the motion of the blade.s, the vortical 
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diameter being equal to the chord passing horizontall)' through 
the centre of the axle ii. The axle is cast in one with the 
driving shaft, and just clears the bottom of the chamber, the 
non-driving end running in a race In the end plate, the inner 
diameter of the race forming a bearing easily lubricated. The 
slide is entirely supported by the block C, the onl)' pressure 
on the chamber being due to the springs H (Fig. 1(1, /f) under 
the packing strips or nose-pieces A, which ensure efficient 
contact and hence a minimum of "slip.” A modification, 


Kic. 1 7."lCxliauslci, KoolsTy|)e. 
(Messrs Tlnvnilcs Utos.) 


I'K!, IS. Still lev. ml ( tBi 
l‘!xli.'iiisler 


dcsigne<l by Mr Bryan Donkin, is shown in ]'’ig, 1(5, D, in 
which the motion of the slide in the hollow axle is utilised to 
increa.se the volume of gas dealt with. On e.idi of the end 
plates ports as at K and K aie fitted, fotming Lonnections with 
the interior of the drum and the suction oi pressure side of 
the exhauster. Oiienings D in the end of the axle pa.ss llie 
ports at definite intervals ; each revolution and the mo\emenl 
of the slide between the machined faces k allei nately draw s 
in gas fiom the suction port K, and exi)cls it thiough a iiorl 
in the end plate (not shown on the di awing) to the picssurc 
side. The capacity is increased, but at the co.st of additional 
working parts, and many engineers prefer the ordinary central 
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guided exhauster on this account. 1(5, C sliows a tyj)e 

of exhauster fitted with three blades. The increase in llie 
number of blades tends U) .secure a steadier gauge t)n slow 
speeds. For larger units four blades aic used, the principle 
being the same. In thc.se thiec and four blade exhausters 
the outer chamber is bored to a true cylinder. The blades 
arc supported by a central pin C .secured in a deep boss in 
the end plate. The axle is fitted with three or four rollers n, 
oscillating in bearings and slotted to receive the slides. The 
rotation of the axle H thus carries round the various blades, 
and the gas is swept round the s|)ace between the inner tlrmn 
and the outer chamber to the pre.s.surc side. An exhauster 
of the “Roots” type, as manufactured by Messrs Thwaites 
Bros., Bradford, is shown in h'ig. 17. In this case two liollovv 
impellers of ca.st iron or cast steel revolve simultaneously in 
opposite directions in a casing as shown, synchronism being 
secured by spur gearing. The impellers are of carefully 
designed .shape, the tip of cither impeller engaging in the 
indented poition of the other impeller in such a manner as 
to avoid undue slip. As a rule this type of evhauslci is 
fixed as shown, but occasionally the inlet and outlet passages 
are .set hori/.ontally, in which case the axles of the impelli-is 
arc set in a vertical plane. 

The Stui levant exhauster (b'ig. 1 3)consistsol twoaccui atel)' 
boicd cyiindeis partly intersecting, on cither side of which .•lu* 
the intake and discharge openings. Inside th(‘ casing aie I wo 
rotors, an impeller W'hicli does the le.d woik of e\h.iuslii^> 
and an idler which acts us a non~ietiirn val\e. 'TIk* impellei 
c(m.sisls of tlnee diamoiubsh.iped bladi's a, joined l<tgetlu i by 
a central w'eb, and actuated by a central diivmg shall. The 
blades levolvc in the .space between the casing and a slalionaiy 
core C, and the gas is conveyed fiom the inlet to the cuillel as 
shown by the main aiiows. 'I'lic idlei li is revoked at the 
same speed as the impellei by mc.ins of cut spur ge.inng, and 
IS shaped so as to trap the blades of the impeller as show a at 
1), thus preventing any escape of gas from the pit^ssme to the 
suction side of the cxhauslei. Any gas left uiuIcm* the pi es.su re 
in D is by-i)asscd by means of one or other of the leakage 
chambers ic and v fitted in the end plate. These leakage 
chambcis make it possible to recover the prc.ssure which 
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otherwise would escape from the idler pockets, thus incrcasinjj 
the efnciency and decreasinf^ the noise. The idler itself does 
not assist in exhausting the ^as, and conscciueiUly retpures 
little power for its rotation, whilst the space between the idler 
and the impeller is such that no amount of wear will allow 
the rotors to come in contact, thus permiltinp a hiph speed 
of rotation. A type of exliaiister which has come into pro- 
minence (lurinjr recent years i.s the luibo-exhaiister. Owinj.^ 
to the hi^h velocity the dimensions are considerably rcdncial 
and the exhausters occupy ver)’ little floor space as compareil 
with exhausters of the Jlcale t)'pe. 'I’hey have an advantag’e 
in the shape of larj^er clearances and no rubbing surfac:es, 
and appeal particularly suitable for tlircct ammonia recovery 
processes. Fij^s. 10 and 1^0 show a Bryan Donkin two-sta^e 
turbo-exhauster. The inlet and outlet branches are fitted 
to the lower half of the casing to allow easy access to the 
impellers without interfering with any pi|)fc joints. 


CHAPTER IV 


COMPOSITION AND ANALYSIS OF 
AMMONIACAL LIQUOR 

Tnn liquid from the various washers, coolers, etc,, is a 
mixture of tarry and watery constituents. The nature of 
the tany compounds from any unit varies accordlti}; to the 
relative situatk)!! of such unit in the recovery system, and 
is dealt with in a later chapter. The piimary source of the 
other constituents is the liquid condensed from the vapour 
arising fiom the water of formation of the coal, and from the 
water mechanically introduced in the coal washing. This 
water dissolves a piopoition of ammonia from the foul gases 
varying with the temperature of any particular conden.ser, 
A solution of ammonia i.s thus formed, hut as othei iKxlies 
having a sliong affinity for ammonia arc also present in the 
gas, the li(|uid becomes a complex mixluie of compounds 
of ammonia. Some of these compounds aic leadily decom- 
posed b)' mere heating, wliilst others are moie stable, aiul 
require, in addition to heat, the ptcsence of an alkali, such as 
soda or lime, to bring about tlecomposition. 'The ammonia 
existing in the fotmer condition is known as " fiec " ammonia, 
and in the latter as “ fixed.” I’he various compoumls usually 
associated in ammoniacal liquor are : — 

( Ammonium cai bonale.s. 

Kiee \ ,, sulphides. 

I „ cyanide. 

('Ammonium chloiide. 

sulphate. 

Hulphilc 

thiosulpliate. 
suIi)iK)cyanide 
fenocyanule 

The specific gi.'ivity of the li(iuor is about i'Ori, 
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The compounds above menlioncd arc produced in various 
ways, 

Carbon dioxide is always a consLiluent of the ^ascs coining 
from the ovens, and is formed by the uniim of some of th(‘ 
carbon of the coal with oxygen derived from Llic air wliich 
is unavoidably admitted with llie slack during charging. 
When ammonia gas comes in contact with carbon dioxide 
below a certain temperature, cjue or other of the carbonates 
of ammonia is formed according to prevailing cimditions. 

The carbonates are white solids, which, however, cannot 
exist at high temperatures, and are consec|uently not formed 
until below a certain temperature. 

The carbonates of ammonia smell of free ammonia under 
ordinary atmosplieric conditions, prol)ably through the action 
of carbon dioxide from the air, partly due also to the jiresence 
of carbamate, since this compound is foimed by the inter- 
action of gaseous ammonia and carbon dioxide, if these are 
dry and not too hot. 

Ammonium Sulphide is produced by the action of sul- 
phuretted liydrogen on ammonium hydrate, the foimer having 
been deiivcd from the suli)hur contained in the iiuii pyiiles 
always associated more (3r less with co.il. Tlieie aie sevoi al 
sulphides of amiiKuiium, containing variable amounts of 
sulphur. It is t(j tlie piesence of these compounds that the* 
disagiecablc smell (jf the gas liquor is chiefly due. All the 
sulphides give insoluble pi ecipi tales with lead aiul /im salts, 
and on this reaction may lie based a method loi Iheii I'stiina- 
tion They casil)' decompose, and aie \'(>Iatile on healing 

'Die siil[)hoeyani<le of ammnimim is foiinud b)' the union 
of hydi ncyanie acid and ammonium suli)hide. It is p<jssihle 
also ih.it caibon clisnl[)hide talvcs [lart m the forinatinn, 

Sulpliite of ammonilun is pioduced by tiu' unioii of sul])]nn 
dioxide, derived fiom the pyiites in the loal, and gaseous 
ammonia, in a similar maniiei to the foi mation ofc.uhonale. 
The siil[)hite, in piescnec of (lee sul()hui, loiins hj’posulphite 
or thiusnl[)hate. 

Ammonium Chloride is deiived from sodium chlotide, oi 
common salt, in the coal, and varies consideiahly with llie 
class of coal used. Some coals contain a faiily huge amount 
of .salt, othcis are practically fiee, Ammonium ehloiide, 
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commonly known as “.sal ammoniac," is a white .solid which 
readily sublimes, and ca.sily dissociato.s into ammonia ^jas 
and hydrochloric :icid ^as. 

Free Hydrocyanic Acid is the lesult of the direct union 
of cat lion andhydro^^en with niLrof.;en at Lhehi{.{li teinperatuies 
used in cokiii{^S so that a [loition of the total nitrogen of the 
I'oal is thus clianp;ed, and not rcs'oveied a.s ammoniii. 

Treatment of Ammonia Liquor.- Although ammonia 
li(iuor is thus shown to he such a complex solution, fortunately 
all tlic (“oiiipniMid.s arc .inu'nable to one foiin of treatment. 
W'hen the Ii(pior is biouqht into contact with milk of lime 
(ehemieall)' calcium hydi'ate), all the ammonia is driven off in 
the form ol free ammonia or ammonia gas. 'I’liis reaction is 
hronglU .ihfjut in the “.stills,” which au: fully de.serihed in a 
later chaptei. 

A t 3 q)ieal i“(]iMtion foi the reaction is as follows; — 

(Nil,). GO,, -I ('ii{ll()), ('nCO, »-:lNII,,-MI/) ; 

Ol gi'iH’ially expiessed' - 

(Nl[,)„X-M‘:c(Il()), CaX I n(Nig I- 11,0, 
wlicre X lepiesents tlie ticiil r<idi(le, 

As the ti'ims ” lice” and " fixed ” ammonia aie often used 
in speakin},^ of iinimoMia liquor, it will hi* well to undeistand 
whiit is implied by them, 

'fhe “Iiee” .iminoiii.i is that which is }p\eii off (rom the 
li(]uoi hy lioilmp only, without the addition of an alkali ot 
h.isi*, sill h as soda oi lime. 

'rhe “ fixed “ .immonia is that whii li is not di iven off hj* 
simply lioiling, unless an alkali or base be pre.senL In moderate 
e.xc.i'ss, In the “stills" of a leciweiy plant lime is used, 
'I'liis cMusi'.s the decomposition of tlu* whole of the ammonium 
compounds, and tlu* libeiation of all the ainmoiiia in tlu* fiei*, 
[piseoLis (ondition, lead}* (or absoiption in the siilplunic acid, 
when i( again lic'cumes “ dxed’’ and loiueiled into ammoimim 
sulphate, 

Valuation of Ammonia Liquor — An appioxmiate idea 
ol the slrengtli of ammoniac. d hquoi m.i\ he obtained h)* 
mi'aus of .1 'fwaddell m olhi'i' 'Uinilai li) di umi lei , hn( to 
aseert.nn the e\ail amount ol .immom.i pieseiit .i ihemiial 
lest is lu'iessary. 
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An estimaLion of the total ammonia is usually made, that 
is the free and fixed together, and this is done in the following 
manner : — 

Having obtained a representative sample, 10 c.c. are 
measured off and tiansferrcd to a small flask, to the neck of 
which a rubber stopper has been previ(niHly fitted. Through 
this stopper is a glass tube, Ijent twice at light angles and 
connected to a bulbed U tube as shown in log. 21. Into the 
bulbed U tube is measured 10 c.c, of normal sulphuric acid, 
that i.s, of such strength that each cubic 
centimetre contains ■0*1!) gm. of sulphuric 
acid or 4!) gm, per litre. A moderate 
excess of a strong .solution of sodium 
hydrate (caustic soda) is now added to 
the flask, and the stopper quickly rejdaced, 
gentle heat being then applied to the 
contents of the flask, gradually increasing 
it so as to maintain a gentle lioil fot 
about half an hruir. By this means the 
whole of the ammonia is distilled ovei 
into the acid with which it combines, 
forming ammonium sulphate, and neutial- 
ising a propoitional amount of the Iri’e 
acid. It then leinains to caiefiilly det.icli 
the U Lube and its contents, and Lomsfei 
the solution to .i gl.iss bc.dcei ni poj- 
celtiin b.isin, ihc lattei preliMied, i insing oui ilu' tulx' 
with distilled u.ilei s<'\'('ial times, (.nr being taken to 
avoid any lo-^s In spl.islmig, Mi It is now netessai}' to 
estim.ile liow tiuuh ol tlu- ai id h.is been iKUitialiscd li\' the 
.inimonui whuh h.is p.isseil into it I Ins is tloiK' by adding 
two or thiee tliops of a solution of meth) I oi.uige to (he 
luiiiid in the b.ism, .md then adding e.iiefullv a noimal soIiUkjm 
of sodium caibon.iU' oi hjdi.ite until ili(> pmk (oloin of the 
solution Is ch.inged to j’ellow. 'I lie end leritlion is veiy 
disliiK'l, aiul mdicaU's e\<ictl>’ when lhi,‘ iiunaining r\(c'ss of 
<iei(l has become neutialised b) the sL.indaid solution of soda 
ICach cubic ccntimelie of noimal siilphmic acid neutialised 
l)y the ammoiu.i wliah has l)een liber.ited from the |() c.t, of 
ammoniacal liquui, repieseiUs 'UI7 gm. ol ammonia (N'll.j 

13A6 
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An example of the figures in an actual test will no doubt 
make the process more comprehensible : — 

10 c.c. originally used in U tube. 

1 I oO ' I 

3 c.c. retiuired to neutralise after distillation is 

NaHO 

complete. 

10 — 3 = 7 c.c. f j neutralised by the ammonia from 10 c.c. 

HooOj 

of ammonia liquor, 


and each c.c. sulphuric add neutralised = '017 gm. ammonia 
(NH.,). .'. 7x*0l7 = ’IJ{) gm. ammonia from 10 c.c. of 

ammonia liquor, and hence I'lO pei cent, ammonia (NII_,). 

If it is desired to estimate the free ammonia and the fixed 
ammonia In a liquor, .separately, a measured quantity is taken 
as before, and distilled over into a known volume of standard 
acid, ivithout adding sodinvi hydrate to the solution in the lla.sk. 
On titration with standard soda as before, the figure obtained 
gives the ficc ammonia only. This amount deducted from 
the total ammonia, as determined by a separate test, icprc- 
sents the ammonia in the fi.xcd condition. 

Concentrated Liquors. — In many plants, instead of 
recovering the ammonia in the form of sulpliato, it is con- 
centrated in the form of liciuor and .sold as such. The 
strength of such liquor vaiics from IT) to 20 pei cent. 

The liquor may be tested by the hydrf)mcl<‘i as to its 
strength, but it is preferable again to use a chemical method. 
It is found that with fresh liquoi it is sufficiently accuiatc to 
titiate direct with normal sulphuric acid, that is, without 
having to distil with caustic soda. If, however, the liquor is 
a few days old it is necessaiy to distil with soda into noimal 
acid as desciibcd in the testing of ammoniacal licpior, other- 
wise too low a result is obtained. In dealing with a liquor .so 
strong as concentiatcd liquor usually is, it is eithci necessaiy 
to deteimine its specific gravity by means of the specific 
giavity bottle (see p. 20, Vol. 1.), or to actually weigh the lie] nor 
used in the estimation. This lattci is prcfciable, and may be 
carried out as follows. Weigh a small conical glas.s flask 
containing a few cubic centimetres of distilled water, then 
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add about 5 c.c. of the concentrated liquor whose strength is 
to be determined, and weigh again, having sloijpercd the 
flask up with a cork and rubber tubing on which there is 
a spring clip. By this means the weight of the liquor used is 
ascertained. This is then distilled with excess of cau.stic 
soda into about 50 or 00 c,c. of normal sulphuric acid, carefully 
measured of course. Gradually waim up tiie flask and 
contents and distil at a biisk boil for about twenty minutes. 
Each cubic centimetre of normal sulphuric acid neutralised 
re[)resents ’0L7 gm, of ammonia (NH.,). It may be explainccl 
that when dealing with an ordinary ammoniacal liquor, .say 
of I'O to I’f) per cent, strength, it is sufficiently accurate to 
uicasurc tlic 5 or 10 c.c. taken for analysi.s, and to take it that 
this volume weighs 5 or 10 gm,, as the case may be. But 
in a highly concentrated liquor containing from 10 to liO 
per cent, of ammonia it would be misleading to do this, and 
consequently it is necessary to weigh the portion taken, or to 
determine the specific gravity of the liquor, and from that 
calculate the weight of any ineasiiicd volume dealt with. 

Estimation of Total Sulphide in Liquor. — 'The principle 
of this estimation is leased upon the fact that when a solution 
of zinc chloride (ammotiiacal) is added to (he ammonia lK|uor 
the sulphides aic [a'ceipitated as zinc sulpliide. The solution 
is boiled up, and after settling, the precipitate is filtered off 
and washed .several limes with hot watei, and fin. illy titrated 
with a standard solution of iodine, dccinorm.d stiength, 
whereby the amount of sul[duir in the foim of sulphide is 
leadily calculated. E\eiy !)7 p.uts of zinc .sulpliide aie 
equivalent to .‘lli jiaits of sulpluii ot .'!l pails of sulpluiietLcd 
hydiogen. 

An example of this method is gi\’en m tlu' Chief In* 
spector’s I'oi Ly-second Report on Alkali Woiks, to the I.ot.il 
Govern mcnl Boaul. 

Estimation of Sulphuretted Hydrogen in Liquor * 
This estimation is made by boiling a me.isuted volume of the 
liquor, and absorbing the siilphuiettcd li)’diogen, which is thus 
diiven off, in a solution of citlier a lead, co|ipci, or (’admium 
salt, etc. The met.al is piecipitated as .sul[)hide, and may be 
then, after filtration and washUig, liLiaLctl with a staiulaid 
solution of iodine, or may be oxidised l)y means of biomine 
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and piccipitalcd in the form of barium sulphate— compare 
method for estimation of sulphur in c<)al and coke. 

The authors have used an ammoniacal solution of cadmium 
nitrate, and find the ])recipitate of sulphide thus obtained 
very woilcablc, and can be titiatcd with iodine, in acid 
solution, or oxidised to sulphate as described, t’iviu^ accurate 
results. 

The same appaiatus ma)' be used as that in which the 
\aluation of ammonia li(iut>r foi .unmf)nia is carried out. 
(See sketch.) It) c.c. of the licpior arc usually .sufficient to 
woik upon. 

Estimationof Carbon Dioxide. — A portionof theaminonia 
in ammoniacal litpior exists in the fotm of carbonate, and this 
may be estimated l)y inakin^^ use of the follovvinj^ reaction : — 

CaCl, I (Nil,), CO., - CiiCO.,-|-2NII,(:i. 

'That is, l)y adding a solution of calcium chloride to the liquor, 
the carbonate of ammonia becomes changed into the insoluble 
carbonate of lime, which may then be .separated by filtration, 
washed, dried, and ignited to oxide, or titrated with stand.nd 
hydrochloric acid, when 

OiCO,, |-2irCl--(:aCI,-MI,().,-i CO., 

which denotes that c'veiy lOl) ))aits by weight of calcium 
carbonate will ncutialise e.\,icll>' T.‘> parts by wr'iglu of hydro- 
chhiiic acid, and < <>nse<|uentl)’, b)- cstim.iliiig how nuich .u'id 
is neutialised hy tilitition, the .imoiinl ol (.ihnini (.ubon.iU' 
is (lelermincfl. JCveij' 100 parts of ( ah inrn t ai hon.ilf .ne 
dctei'iiitned. Isveiy lOOp.rrtsof ( akiiiin car bon.ite arc t ipiiva 
lent to I I p.iits o( carbon <lio\ttle 

If the (.aibonate be ignilc<l to o.xitle of i.dcnnn iiinl (he 
latter weighed, ever >' hfi parts by ueigbt represent II pails 
of car bon dio.xide 

lh)th inelhods give fit Ctrl ate results. I he volumeti h one 
is well e.xeniphried m (he C!hief lns[)et tor’s Ivepoiton .\lkali 
Works foi the yt'ai ilK).-* 

Estimation of Hydiocyanic Acid in Liciuor --'I his is 
done by distilling a ine.isuied i|u.intily, .hi) <. t. usually, into a 
.solution o( caustic soila oC setni-iioimal strength 20 gin. 
l>er litre. 
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It is necessary to add a model ale excess of lead nitrate 
solution before distilling to the liquor in the flask, the object 
being to retain the sulphuretted hydiogen, in the form of lead 
sulphide, which would otherwise inteiferc with the tilratiou of 
the distillate. The hydrocyanic acid becomes conveilcd into 
sodium cyanide. It icmains now to add to this solution a 
few crystals of potassium iodide as an indicator, and to run in 
a measured quantity of .standard silver nitrate .solution until 
the liquid becomes just cloudy or opalescent. This indicates 
that all the cyanide present has become converted into the 
double cyanide of sodium and silver, and that silver iodide is 
beginning to foim, causing the opale.sccncc. ICach cubic 
centimetic of dccinormal silver nitrate used represents •Ohad 
gm. hydrocyanic acid. 

Typical examples of tests of ammoniacal liquor for 
carbonic acid, h)^drocyanic acid, ferrocyanide and thiocyanate, 
sulphide, thiosulphate and sulphite, sulphate, total sulphur 
and chloride arc given in the Report of the Uhief Inspector 
on Alkali Works to the Local Government Board ftu* HHlf). 
In this and other Rcpoits to the Local Government Boaid 
will be found the rcsidts of a very considcr.djle amount of 
time and caic, which have been expended by the late Mi 
R. I'oibes Car{)entcr and Mi Linder, in investigating and 
developing the best and most ichable methods foi the 
analysis of ammoniac, d liquors. 
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WORKING UP OF AMMONIACAL LIQUOR 

The ammoiiiacal Hquoi', aflcr a ptimaiy scparalion of lar, 
is pumped to stoiage tanks, which sliould be of sufficient 
capacity to allow lime for the efficient settling out of small 
quantities of tai mechanically earned foiward. T'he presence 
of tar interferes considerably with the working up of li(]uor, 
and every precaution should be taken to ensure efficient final 
separation. Thus, drain traps should be fitted to the bottom 
of each storage tank, the liquor outlet being situated some 
distance higher. Any tar collecting .should be lun off peiiocli- 
cally until liquor appears at the drain tap. 

The coke oven liquor is worked up Into sulphate of 
ammonia or into a concentrated liquor of vaiying sticngth 
and degree of purity. In either ca.se the weak liquor is 
dccompo.scd in a still by steam and Hme, the ammonia being 
theieby liberated along with carbon dioxide, sulphurottecl 
hydiogcn, hydrocyanic acid, and excess of steam. 

The princijile of sulphate of ammonia manufacture is 
shown in diagiam fotm in h'ig. ' 2 ' 2 . The liquoi from the 
storage tank A on its way to the still receives a ptelimin. uy 
heating in the vessel Ii, the heating agent being the Imt waste 
gases and steam from the satin aloi Ci. 'I’hc iKpioi enteis the 
top of the still C at a tcinperaliiio of alioul SO to S.') 
and flows downwards over a senes of sitpet impost'd tiays 
in a z,ig7.ag fa.shion, meeting an ascending i intent of ste.uii. 
Lfiiciont contact between steam and lii|iioi is biouglit about 
by various baffling devices m each tr.iy. Milk of lime is 
pumped into the still by the pump t, aiiil thus scivcs toi'spci 
the “ fixed " ammonia, Aflei its lengthened passage thmugh 
the still the liqnoi is deprived of its ammonia, and along with 
the excess of lime and condensed steam leaves the still as 
“.spent liquor” by means of the seal pipe l), The gases ami 
vapours leaving the still c are made to bubble through a bath 

:u 
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of sulplunic acid in the saturator 0. Ammonia is absorbed by 
the sulphuric acid, the strong affinity of these bodies for each 
other causing an encigetic leaction and an increased tempera- 
ture. The excess steam 111 us passes through un condensed, 
along with caibon dioxide, sulphuretted hydrogen, hydro- 
cyanic acid, etc. A poition of the heat in this mixture of 
gases and va[)ours is transfcircd to the incoming Ikiuor in the 
heatci B, the remainder of the heat being abstracted In a 
walei cooler M. Thus all the steam is condensed, leaving the 
diicd gases to be dealt with in a purifier J to remove all 



l'(i. ii’i, -(IfiiiL'i.il Duijjiani i)f Siil])li.ili“ [’l.inl. 


dclctciioiis gases. I’he steam condensing in tlic he.itei i: 
and final cuolc'i m dissoKcs a poition of the siilplnn and 
cyanogen compounds, luul is ('ollccLcd m the foim ol 
“devil licpior,” which maybe letuincd to the still hy iiuMiis 
of the pump K, 

The hcatci n is usually of the miiltiliihiilai t)'pe, the 
liquoi pa.ssing thiough the tubes whilst the hot spent gases 
ciiculatc lOLind the outside. M.iiiy of stills are in 

existence. In some of these the lime is introduced into ,in 
cnlaiged section of the still itself, in others the liming is 
canied out in a separate vc.ssel. 

A good example of a modern t)'pe of still is shown in 
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Fig. 23 (Chemical li^nginccring Co.). I he mam slill consisLs 
of a .series of .superimposed .sections A, eaeli .section having a 


steam distributing passage n, an 
ing plate 1). The positions of 
manner that the lit] nor dcsceiuls 



KkJ. 2S,— -Animom.i Slill (Cli<'mi(.il 

ICngiiicciiiij' Oi.) 


overflow passages are of ample 


overflow weir c', and a .seal- 
; and o alternate in .such a 
in a zig/ag fashion, pas.slng 
in a hori/.oiUal direction 
across each tray in turn. 
.Steam is distributed by 
the hood K, with serrated 
edges as shown. It is 
highly imi)ortant that the 
passages u, the serrations 
of the hoods, and the over- 
flows (' be Ki‘pl clear, 
otherwise stei'im will 
asi'cnd by way of the 
HijUor ovi'i'llows, or liipior 
will descemd by way of 
the steam passagi-s In 
either case theie is a 
diminution in the {‘ffici- 
ency of the still, and 
si'i lolls lisk o( the H(|uoi 
being i a 1 1 ied (oi u ai d 
boddy by llu‘ steam giv- 
ing lise to a pinning of 
tlu' still. ,\ccoidingIy, 
piovisioii IS made (oi easy 
access to Ihi'se viilnei.ible 
()oinl‘i. The hood may 
be 1 caddy lemoved foi 
cleaning thiough the 
opening l-, whilst the 
dimensions ami easd)’ acies- 


siblo by removing the (over [)liiles c. /\n aiiangemenl 
for the introduction of lime is shown in I'hg. 21. In this 


case the liqiioi, on reaching the fourth liay fiom the lop, 


passes to the bottom of an external liming chain bci shown to 
the left of the main still. Here it is inixiMl with milk of lime, 


the two liquids being thoroughly agitated and brought into 
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itUiiniilo, l>y slciun (Voin a j it -rfo rated pipe, The 

mixliiu* U> the Itip, M’"<'nt(‘i!i Lh(‘ still at the fifth chamber, 
.111(1 (lownwai’tls as aheady dcsu'ilK'd. Thu spent 

liipitii' may ht‘ lihcialcd fidm tlm hdllom ol the still by an 
auldiiialii lldal valve or seal piiie so as not to release 


I II., ‘.‘.’i Salumliii. (Inviili 'I’uylm .K ( u , Uullnn ) 

Ihe sltMin pies'aiie. The spent liipioi sUoidd he eaieful 
esainined al ieiH>'-“ mleivals, and the ainounl^ of aininon 
passinp, aWci)’ t‘siniMU‘d ll shtuild nol (diU.iin inoie lli; 
(!■» pri lent dl ainiiidnia, ,ind with podtl woi kiiui is tifi 
01 pel ,enl. 'l‘he Lest is (dudiuted on sitnilai hn 
(o tile lul.il iiinindMia lest in liijUdis. A b.ul lest may 
due PtdM sliuilaiM'df steam, {/tj shorlairedf Innc.ft) bldckat 
in lht‘ ll.iat valve m seal pot, {<() dirty hoods oi overno' 
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The first two may be ascertained by testing the spent liquor 
for free lime, which ought to be in excess (say up to 5 per 
cent, free lime). If not in excess the deficit should be made 
good, and if a re-test shows no improvement the steam supply 
should be adjusted. If the spent liquor letavcs the plant 
spasmodically, accompanied by large volumes of steam, the 
condition of the hoods and overflows may be suspected and 
should be examined, whilst priming would be indicated by a 
rise in the level of the bath in the saturator or by a sudden 
lowering of the ammonia test in the case of concentrating 
plants. A catch box on the outlet pipe to the still is a 
decided advantage in this respect. 

Various types of .saturators arc in vogue, namely, open 
bath type, partially enclosed, and totally enclo.sed typc.s. 
They may be constructed of strong plate lead supported in a 
wooden frame, or of thinner lead with a more substantial 
backing of cast iron. A good example of the open bath type 
is shown in I’ig. 25 (Joseph Taylor & Co., Bolton). The 
body is made of strong tolled lead plate, the sides being 1^ 
in. thick, the bottom 2 in., and the top 1 in. The apion plate 
IS stiffened b)' the insertion of iron bats as shown, whilst the 
top is suppoited in a similai manner. These bats aic covered 
with lead well burnt into the body so as not to expose .my 
iron to the action of the sulphuric acid. The vajjoui.s ate dis- 
tiibuted by a peiforated blow-pipe A in two portions, eilhei 
of which, on icmoval of the breeches pipe It, may be ttiken out 
easily foi repaiis, etc. Acid is admitted at whilst a [ter- 
forated ste.'impipe l) is intioduced .so as to blow foiw.iid any 
de])Osited ciystals of sulph.ile of .immonia into the well !•:. 
h'loin thence the sul[)hale m.i}. be fished out by me.ins of 
perfoiated coppei scoops in the case of small plants, but pre- 
feiably in the latgci pi. nils by means of a sluice \.il\e or 
stcain ejector, the lattei being more sinttible for continuous 
working. The waste gases ate led awa)' )>)' a bianch pipe, 
fitted in the inspection cover or in one coinci of the satin ator 
top. The whole body is .suppoitetl in a strong wooden frame- 
work suitably fitted with steel tic rods, etc., and owing to this 
and the strong lead plating the saturator is rcmaikably free 
horn rcfiair.s. 

The semi-closcd type is shown in Fig. 20. The body is 
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l)uill U|) (if ra'>l non linnd with haul, the bottom 

hi'inif ill tin* form of a coik* to facilitato I'cmoval of tiic 
Mil|diatc‘, 'I'lia l)low |)i|»' U, in tiu: h)nn of a horseshoe, rests 
on a Irdjn* as shown, llic spent p,ases Icaivin}.;' by the exit 
’I'he (•onditinii of the bath may bo observed l)y means of the 
hio.ul seal pipe D (also of lead), and at the ti{.![lU moment the 



I K, ail Si ll 1 )l',l lllUj’.lllj; Stanilllnl, 


ii\s|,d'. t»f Milph.ile iiMj' be distliaijpd tlmm^h llie gim- 
me lal slim e valve at V, 1 be salt m.iy bi‘ iiiii out diieclly on 
III ,i iliaoiing lidile oi Milo skips (1, u'bieli, allei siiitiible diain- 
age, deli\ei tlie sail to any poilion of ihe stoics by tbe rnn- 
ua\ I' 

'I be em losed lypi' is show 11 in log. '.17 (Clumiieal baigineer- 
ij,j, ( ’ll I II is loiisliiKled of solid plate leail eased in stout 
pill b pine lagging, and tlie prim i[)le ma)' be undcistood fiom 
the diawmg. ’I’he sul[)hale is removed by an ejector, which 
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may be of lead or copper, the latter being more conveniently 
handled. Steam or compre.s.sed air is l^luwn in at 15, [ja.ssing 
down the smaller tube which communicates with a small 
nozzle fixed centrally in the larger tube and looUiiig upwaids. 
Tlie lower end of the dcHvciy tube is enlarged as sho\Mi, and 
is fitted with openings through which the sulphate is sucked 
into the delivery Lube. An enlargement in the form of a load 
box 0 is fitted to carry off surplus steam or compressed air, 



and to allow the sulphate to flow tiuielly to tlie di.uning 
tabic t, Aii)^ mother lii|U{M scpaiating fiom the mass is le- 
turned to the satin atoi, AftiU a preliinmai)’ dtainiug the 
sulphate ma}’ he run diiectl)' into a ('enti ifugal ni.uhme 
(h^ig. 28, W'ilttju type). 'This consists of a l)asket \ made <4 
pci rotated coppet plates leinforced with co[>pei tings, and 
attached to the shaft K, The revohition of the basket foice.s 
the liquor by centiifug.il action tbiougb the finei peifoiations 
of a loosely fitting lining to the basket, thence Ihiough the 
coarser pciTorations of the ba.skct itself into the space en- 
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cldsal by a lead ouler rasiti^ H, from wliidi il passes by Ihc 
tiullfl K Id the inolher li(iuor well (ir back to the .satin ator. 
After a few tnimiles’ “whi/zinj*” llic basket i.s allowed to 
coinr to rest, and the diicd sulphate is conducted to the 
shoot l» and elevator K !>}■ liftiiij.'' the valve (' (loo.se on the 
spindle). 

"riu; incllitnl of workiiiji a salnraloi has a inaikisl inllucnce 
on the <|ii.ilily of the sulph.ib- pnxhieed. In face of .severe 



( <>m[)eli(ion Inun tiu' Conliiient the ([uallly has leceived inoic 
allenlion us i-ntl)', and lh(‘ .Siilph.ile of Amtnonia Assoc ialion 
stionj’.ly advises its inembeis, as an <u ( ol self-iiilciest, to 
endc'avoui to in.iiHifai line a piodikl conlaiinn;', .it least L*.") 
pel lent ol .iininoiiia, iind not inoK* than '■> pei cent moistnK* 
and per c'eiit. Iiee .aid It also siiij;;esls ih.lt the siiljilnnie 
.n id Used should be as (ie<‘ as possible (tom iioii aiul arsc'iiie, 
.Old shoiiltl ne\ei miilain inoie than .1 [lei tent feiii< o\ide 
ol ■(![) p(*i cent, aiseiiit With siu h ac id a ( onlimioiis woi k- 
inp; oi tin* salinalor is possible, but in iisinp an arsenical acid 
the wiiU'i’s e.xpeiience is decidedl)' in fa\oui of an intci- 
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mitlent process. Tlie [jases passing inlo the saturator contain 
sulphuretted hydrogen which, reacting on the arsenical 
compounds, ultimately causes a deposit of strongly yellow 
arsenious sulphide. In the ordinary course of events this 
would .settle down along with the crystals of sulj)hatc of 
ammonia, which in consequence becomes discoloured to an 
objectionable extent. One may remedy this state of affairs 
by previously piccipitating the arsenic in a separate vesseh 
utilising tlie sulphuretted hydrogen in the waste gas for this 
jjurpose. 

One difficulty in this case is due to the fact that at the 
strengths of acid usually supplied for this purpo.se, free sulphur 
is also deposited in a fine state of division, interfering with 
the filteiing procc.ss, the precii)itation being best carried out 
with acid of about 110^ Tw. and under, whilst additional 
plant is necessary. Another method is to precipitate the 
ai sen ions sulphide in the saturator itself. In this ca.se the 
bath is made up to (18" Tw., in the first place with sulpluiiir 
acid (144’ Tw.) and water, in succeeding baths w’ith acid aiul 
mothe'i liquor. An energetic reaction immediately fellows, 
the d'w, using tf) (h)' oi VO Tw,, and the tfanpeiatuie rising 
frcMii 108' C. to 118' C'. in the fust two hours. At the.* 
cfimmcnccmcnt of the boil, tai, anthracene oil, or eieosote oil 
is poured into the hath to the extent cif about half a grallon 
per ton of sulphate jiroduced. llj' the aid of tlu'sc* oils the 
arsenical precipitate held in suspension is eo.igiil.ited, .ind 
rises to tlie surface ivilh the oil)' mailer in the foi in of a scum 
It IS advisable to iemo\e the gusit bulk of this scum in tlu' 
eai ly st.i^es of the bath. yVftei an lioui oi two the spec ifu 
gi<i\iiy of tlu' hath and the tempeiatuu' begin to diop 
gradually, until on leailnng ,i gravity (»f rdioul 88 'I w', ,uid .i 
leinpeiatiire of about UK) (’. ci)’st.ils of sulphate oi .unmoni.i 
become evident. The bath may lie allowed to diop to about 
lit) '1 w, when tlie dischaigc of the sul[)liaLe may he commenced. 
’I'he dischaigc should he completed by the time the hath 
leaches ,“).*■) 'Ihv,, as below' this thcic is a lisk of tlie hath 
becoming neiitial, with a possibility of tlie piodiiclion of blue 
.salt. If the dischaigc commences too soon, say above (K)'’, 
the cr)’stals aie in a much finer state of division, and on 
draining hold the add tenaciously, This “flouiy’’ salt is 
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also difficult to drain, and is usually associated with a hi^h 
moisture and free acid test. Under conditions simihir to the 
above the writer has had no difficuky in producing' good grey 
salt ijf satisfactory analysis from arsenical acid. If dc- 
ar.senicaled acid is av'ailahle, after the first hath has reached 
OO'* Tw. a .small stieam of acid is allowed to enter the saturator, 
and the contents are brought down gradually to HH'’. 

h'rom this point tlic supply of acid is adjusted (according 
to the amount and stiength (jf litiuor [)assing through the 
still, etc.) so as to maintain a gravity Ijc tween riH* Tw. and 
nO ’ Tw, continuously. As a check the free acid in the bath 
should vary between 1 and H per cent. Under these condi- 
tion.s su][)hate of ammonia i,s being continuously produced, 
and is steadily ejected at the rate of formation, whil.st acid 
is being fe<I in continuoii.sly, 'I’hese conditions aie not 
diflicult to jiuiinlain, and re.sult in the [)roduction o( snow- 
white sulphate, witii large crystals easily drained, and giving, 
even without tlie use of a centiifugal drying machine, a salt 
t|uitc up to tluj sLaiul.u'd lec'ommemled by the Sul[)haLe of 
Ammoni.i Association. 

blue .sulphate may be produced in various u’ays. /\ 
common cause is the neutr.ilisation ()f the bath, which is 
liable to oci ui if the bath is alIo\\c<l to appioach a gi'a\ity 
of 51 . It is [uobable that in this case the iion salts in the 
acid aie j)recipitiited,and c(nnl>ming with cyanogen congaamds 
b('(;ome fi.wd .is fei toi'yamdcs, On the ailmission of lurlliet 
acid, the fenocyanide is coiu’ei'ted to fcrrousderroi )’anide 
1)}’ the sulpliate of iron, d'liis ferrous salt on ex[)osure to 
tile atmosphere is oxidised to 'i’urnbuU's blue or Piussian 
blue. Thus the blue colour is not alw.iys apiiarent In freshly 
ejix’led sulphate, but develoiis in a few daj's. Ilowevei.the 
smell of a neutral b.ith is tyjiical of tin' conditions, .ind if 
a daik gic)' salt .ippiMrs at the s.ime tinu’, it should betic.ilcd 
with suspicion, .ind placial in the stoics ap.ut fiom aii)’ othei 
sulplKitc, Alk.ilimtv m.iy .ils(t bu bioiight about b)- a [)i lining 
of the still, uhii'h at the s.iinc tmu' icdiui's tlu' trmp»'i .itine 
of the bath, a lowi'i teinjjeiatuic ra\'ouimg the fis.ition of 
c)’.inogcn compounds, A dannigeil blow-pipe in.i)' also lead 
to blue s,dt. Thus if tiu' holes become enlaiged, oi a split 
in the pipe occiii.s, the cont.ict is conccnliated into a small 
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area in which local alUaliniLy is dcvelo[)Ccl. In this case, 
in addition to the risk of discoloration, tlicie is a probability 
of loss of ammonia, owing to inefficient spreading of the 
vapouis. In many cases, as a safeguard, a bjiffie box is fitted 
to the outlet pipe. In this the waste gases are brought into 
contact with the acid entering the still, and a portion, if not 
all, of the escaping ammonia is returned to the saturator. 
The waste gas leaving the saturator after condensation of 
excess steam consists of a mixture of gases which would form 
a source of danger in the atmosphere, and must be treated 


for the removal of some of these, 
gas is given below : — 

A typical analysis of wtiste 

Sulphurelled hydiogen 

’.I'O per cent, by volume. 

Hydrocyanic acid - 

' 0 „ 

Carbon dioxide 


Nitrogen 

- MO „ 


Sulphuretted hydrogen gas may be dealt with in sevei’al 
ways. At some works it i^ burnt, and the sulphur dioxide 
thus produced used for the manufiicUue of vitriol, /\t 
others, the gases aie passed through puiifiers containing laj-ers 
of bog oie or oxide of iron, alone oi mixed with s.iwdust, 
which takes up the sulphur and some of the cyanide. The 
sulphuretted hydiogen in passing through this m.ileiial is 
decomposed, its sulphur being taken up by the inm oxide 
foiming siil|)hide, thus : — 


Also, 


iA'/)„n .() 

n.it; On 


I- ;iii,s 

Slll|>)llii< lt(>il 


Iw ,S , -I- 

I I IML. , 

Sullllll[|l 


Ul„(), 

W,>ii I 


!'<■/) ,.11,0 


I- :ui,s 

Su1,iliuii III (I 
1 1 yilni,;i II 


l>teS i- S i 111,0 

I' 1 1 urns lilt 

Siiliihuli * Siili.luit ' 


Wiien the hog oie liccomes highl)’ (.liaigisl with ■'ulphide 
it is exposed to llie action of the almosphcie lo “ tevivil)'” it 
'Phis comes about by the action of oxj'geii, thus — 


l*'e„S_j + 

:5() ^ 

h'r.O,! 

-r ;is, 

I'urrit . 

All 

I'tiin . 

r'n . 

Siilphitlt, 

OmiIc < 

Siil|iliiii 

tIKeS -i- 

;K) - 


-1* 2S. 


Air 

I'Lriit , 

i'’i 1 1' 

Su1|»1jk1i* ’ 

OuiU ' 

Siilplmi 


This tevivified material, consisting of ferric oxide and free 
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sulphur, is used over and over ay^ain in the purifiers until it 
becomes charged with GO to 70 [)cr cent, of sulphur, wlicn 
it is disposed of generally to vitriol manufacturers for the 
pi eduction of sulphuiic acid, 

In some cases the sul[)hur i.s recovered in a solid form 
in a Claus kiln. 

The plant is simple to operate, and with reasonable care 
gives good results. The principle is shown diagram m a Lically 
in Fig. 29. 

I’hc waste gases pass first through a coke tower A to 
remove any excc.ss of moisture, thence into the Claus kiln 
proper n. Thi.s kiln is filled to a de[)Lh of about 11 ft. with 
lumps of iron ore, the bottom layers being in good-sized 
lumps H or 4 in, in diameter, the midclle layer rather less, 



1 ' 


Fuj, — Cl.uis I’lniit foi Hulplim Rccovciy from Waste (liise", 

and the top l.ayer of still liner liimjis, finished olf with a 
coaling of bog iron oie such as is used in the purifiers, 'riic 
whole is sigipoited on iion giids so as to allow a fiec passage 
of the mixcti ga.scs thiuiigh the ma.s.s. The principle upon 
which the reaction in tiic kiln is based, is that when 
sulpluirettcd hydrogen is mixed with a ceitain volume of air — 
usually about 10 per cent, is letiinied — and heated to a ccilain 
temperature, the following reaction goes on : — 

II.S -!- 0=11,0 H-S 

'I'he initi.d heat ret|ui.site to stall Ihe above itsiction is 
supplied by a feu ^hovels loll o( hoi t oal oi coke pul in 
tlnoiigh the top ol the kiln, ,uid, oiue sl.uled, the lie.il is 
etisil)' maintainctl by the cat.dj'tic action between the oxide 
of iion and the niixtuie of sulpluiielled li)’(liogen and aii. 
The heat is continuous if the pitjpei t('lati\’e pi'opoilion of 
these gases is legiilated, and this is not at all diffiiult. If loo 
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much ail* is going in there will be indications of siil|)luir 
dioxide which can be recognised by its action on litmus 
paper. Naturally this means loss of sulphur, as well as the 
cooling action on the kiln. 

2H2S + 30,-‘JS0.,-l-2Hp. 

Again, if the air supply is deficient, a portion of the 
sulphuretted hydrogen passes through the oxide without 
decomposition, and may be delected by means of |)a[)er 
soaked in a solution of lead acetate. The slightest trace of 
sulphuretted hydrogen turns this to a brownish-black colour 
at once, owing to the foimation of lead sulphide, The gases 
may be conveniently tested at two points — one near the kjln, 
the other near the base of the limestone tower n, thiough 
.suitable holes left In the brickwork, fitted with wooden 
sto))pers. 

When the kiln is working .satisfactorily and the reactions 
going on properly, it is generally foujid that theio are 
indications of both sulphuretted hy<lrogen and sulphur 
dioxide. The.sc gases leact in presence ol each othei thus: — 

1 OSO , + 1 0 1 LS = n.S , -i- I r ,( ) -I 2 1 1 ,S,,( ),j. 

The sulphur thus set free is in an extieinely fine state of 
division, and the milky effluent from the limestone towei is 
due to this finely divided siiliihur in suspension, and which Im^ 
most piobably been jiroduced by practuMlly the same leaction 
as above, /V., by the inteiaction of sul|)hurelle(l hydiogen with 
cither gaseous sulpluu dioxide oi ,i solution of iIk* sulphite, 

'Phe reaction is also inteu'sting bee.uise it most piobabl)* 
icpiesciUs that which takes place in nature* on ,i huge* sc.ile, 
lesulting in the de[>osits of naLi\’e siiliihui usiuilly found in 
volcanic distiicts both sulplunetted hydiogen <ind sulpluu 
dioxide are {Mcscnt lu volcanic gases. Aftei le.iction and 
deposition of sulpluu the lemaming gases pass on and upwaids 
through a Lower n, which is loosely packed with liim[)s of liine- 
Slone, ovei which a liickle of water is fed fioin ,i spiay at tlu* 
top of the lowci. 'Plus is to neutialise any acidity due to 
any sulphur dioxide which may remain in the gas. P'roiu 
the tower li the gases aic led through puiifieis K to remove 
remaining tiace.s of sulphuretted hydiogen and cyanides. 
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out. When necessary to close clown the plant for clean 
it is ^nost necessary to allow ample time foi the jjases in the 
chambea's to diffuse out, by opening the brickwork about two 
days before the workmen arc allowed to enter ; even then 
every precaution must he takcai, as the gaseous mixture 
hangs about the walls very tenaciously, and is most deadly. 
A good cpiality of rccoveiccl sulphur should hiive an ap- 
proxiaraatc analysis ais follows : — ■ 

Moasluie - - - .‘1 to i) per cent. 

Ammonia, calculated i\s caabonalc 11 to 4 „ 

Mineral maltci, non-volalilo - I 

Sulphur - - - 1)0 to 1)3 „ 

The sec()nd-gi*ade cjuality contains more moisture and 
ammonium salt, I'hc ammonia may be determined in- 
directly by estimating the loss on washing the .sulphur with 
water, or more accurately by distillation with .sodium hydiate 
into normal sulphiuic acid. The .sulphin may be taken by 
diffeiencc after careful estimation of all impmilies. It may 
also be extracted by c.iibon disulphide, in which case any 
amorphous sul[)hur will be unacte<l upon, 'rhemincial matter, 
other than sulphur, is that which icm.uns after burning away 
the sulpluii as completely as po.ssiblc. 

The Testing and Valuation of Ammonium Sulphate. -- 
This l>)‘-produc(, if reasonably puie, is while in colour. In 
some instances, owing to v.irious defects in the methods of 
its lecov'ciy, the salt is blue, and nioie lau'ly blown. In 
the inajoiity of cases, especially with blue sail, the value is 
much depiecialed on aKcnint ofcoloin.but in a few instances, 
gcneiall)’ with Cbmese tradeis. .i brown to black salt is in- 
sisleil upon, and consccjucntly to meet tins i eciLiitement a 
white Still is mived ciff with some d.irk coloiiiing mattei to 
give the dcsiiecl etiect This, ofcouKsc;, lowers the peiceiitagc* 
of ammonia 

Sulphate of ammonia, when tibsolutely pine and diy, con- 
tains pel cent of ammoni.i ( N 1 1 p. 'fhe by-product 

from coke manuf.u line, if well mncle, ought to contain L'l'b 
to 2.“) per cent. '1 he s.ilt ns iisiiall)’ produced contains also 
a ceitain amount of moisliite, W'hich Vtuies from about a to 
2’0 per cent. In addition to this, there is aiway.s moie or 
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less “free acid” in the salt. This ought not to exceed '5 or 
•6 per cent. If the amount is much more tlnin this it is 
most likely to cause trouble when the material is loaded 
up in sacks for transport, owing to the action of the acid 
on the sackcloth, which eventually causes the bottom of 
the sack to give way entirely. This is the more likely if 
at the same time the salt is abnormally wot. The terms of 
contract for a supply of this material usually stipulate that 
there shall be a minimum of 24 per cent, of ammonia, and 
that the salt shall be fiee from cyanide, by which is meant 
the fcrrocyanidc which causes the blue colour. 

The estimation of ammonia in sulphate may be made in 
the same apparatus as that in which the liquor is tested, and 
the piinciplc of the test is the same, namely, that the 
.sulphate, of which a weighed poition is taken, is decom- 
posed by the addition of sodium hydrate, its ammonia 
liberated in the free eonditlon as NH.„ which is passed into 
a measured quantity of a normal or standard solution of 
sulphuric acid. From the amount of acid neutralised a 
measuie of the ammonia is obtained, each cubic centimetie 
of normal sulphuric acid neutralised rcpre.scnting ‘017 gm. 
of ammonia (N H^). 

An example of an actual test is as follows : .5 gm. of the 
sulphate were dissolved in water and diluted to .500 c.c. in a 
flask. After thoioughly mixing, 2.") c.c. were taken out by 
means of a pipette, and tiansfcricd to the distillation fla.sk. 
This poition theicfoie contained 25 gm. of the salt. A 
moderate excc.ss of .sodium hydrate being atldcd, the dis- 
tillation was gradually cariicd on for about ihrcc-quai ters of 
an hour into the bulbed lube containing 10 c.c, normal 
sulphuilc acid. When all the ammonia was ovci, the U tube 
was detached, and its contents rinsed into a jiorcelain basin 
and titiated with a normal solution of soda, (1 ;>.5 cc, being 
rcquiied to neiitialisc the remaining acid. Hence the acid 
neutralised by the ammonia Hbeiatcd from *25 gm. of the salt 
= lO'O — G’3.“) = .'kOr) C.C., and .’i-Gax ’017= 0G2 gm. Nil,. 

That IS, '25 gm. contains '002 gm. 

I’OO „ „ '248,01' 100 contain 24'.S gm. 

That is, 24 8 per cent, ammonia in the salt. 

The amount of moisture in sulphate may be cletci mined 
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by weighing off 5 or 10 gm., and drying in a water bath at a 
temperature of lOU' C, for about two hours until the weight 
becomes constant. The loss represents moisture. 

The free acid present is determined by dissolving 5 gm. 
of the salt in distilled water, adding a few drops of methyl 
orange solution, and titrating witii standard soda. If great 
accmacy is ncccssaiy, it is advisable to use dccinorinal so<hg 
that is, one-tenth the strength of the noiinal, or ’00 1 gm. 
hydrate per I c.c. 

'I'hc sulphuric acid used in the [production of suljphate of 
ammonia should be practically free from impurities, especially 
iron, arsenic, and total solid residue, [principally lead sul[phate. 
The amount tpf total solids can be readily ascertained by 
evaporating a measured quantity in a weighed platinum di.sh 
— this should be done in a g<Pod di aught cupboard — and 
finally heating u[p to dull ledness in a gas muffic, or ovet a 
good Bunsen flame. If the amount of solid residue is 
excessive, the qu.ility of the sulphate suffeis. 

The iron may also lie conveniently estimated in this 
I'esiduc by digesting it with concenlralcd h)’drochloi ic acid 
until all the iion oxide is dissolved, then eitlici determining 


volumeti ically by means of 


N 

lO 


potassium dichioinate oi 


pei- 


manganatc, oi by filtciing off any insoluble mattei, ‘>ej)aratiiig 
any lead by means of sulphuietted hydrogen, tlpeii pieupit.iting 
the iron in the filtrate, alter cpxidation with a little nitiic acid, 
by means of ammonium h^-diate, hoiiing, filteiing, washing, 
and finally, after ignition, woigliing <is feu it- oxide 'I'lie 
volumeti ic method is much simplci and (|uile .iccuialc' If 
the amount of non is excessive it iiu leases th(‘ likelihood of 
the foimation of blue salt (see p d 1,1 

'Phe aisenit cunteiU is ascci tamed .is follows . i 0 to c c. 
of the acid, or piefeiably an equivalent weight, aie taken 
accoiding to the amount of arsenic suspected, and diliiteil with 
about four times its vo limp e of distilled watci. About HI c,c. 
of sLilphuious acid aie .aided, and the whole boiled until tlie 
smell of S()_j has disappe, ued, to i educe ati)^ .irscnic in a 
higher .state of oxidation to the lower arsenimis condition. 
The .solution is cooled and thoroughly saturated with 
sulphuretted hydiogen gas. The arsenic is thus precipitated 
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as arscnioiis .sulphide, A.s.^S,,, and should he left to settle, 
preferably over night. EilLer through a tared filter aiKl vva.sh 
with hot water containing a little lEvS until the washing.s arc 
free from sulphuric acid. 'I'ransfcr the iiaper and content.? to 
the water bath, and dry at 100' C, until the weight becomes 
constant. The arsenic sulphide should now be treated with 
caibon (li.sulphide to lemove any free sulphur. The residue 
should be again dried in a walei bath unlil a constant weight 
is obtained, As,,.S,, c<uitain.s (50 Oh per cent, of arsenic, and 
from this we may calculate the percentage of arsenic in the 
weight of acid dealt with. 

An average amount of the above impurities in the <le- 
arsenicatod sulphuric acid used is as follows: — 

’['olal solids - - . -05 to ‘07 per <'eiU. 

Kenic oxide ■ ■ - ’Olfi to ‘0:55 ,, 

Arsetue - - - «;/ U) traces. 

Manufacture of Concentrated Liquor.—This method of 
working U|)lhe ammoniacal li(|uorou cokewoiksis now being 
extensively adoptedpind in many icspects possesses advantages 
over the sul|)hale method, No acid is icipuied, and as nowa.sle 
gases are given off, the expcn.se of pm ification is dispensed with. 
The plant as a lule requires veiy little attention, t.ikes iij) eom- 
laiiMtively little room, and less laboui isicciiuied in the working 
o( it, 'I'he piiiudple is vciy simple, eonsisling ol • — 

(aj Distillation o( the coke works li(jiioi,as in sulj)hale 
nhinufactme. 

[/>) 1 )eph!egtnation of the vapouis to leturn the hulk of 
the excess steam back to the still. 

{(} Condensation of the com[iarati\cly diy ammonia 
vapoui, the result being a coucentmtod sohition, 
the strength depending laigelj' on the officimu \ of 
the deidilegmalion 

{(/) Absoiption of ail)’ aininouia escaping lioin ('<) in 
w ashci s, sci'iil)liei s, <’(t. 

An effuieiil l\’|>e, as manufat lined 1)\ Missis llumnei 

im _ • ‘ ' I 

I Mond, & Co., IS shoun in h'lg. dO, It consists of .i series 

of ahsoibing and condensing vessels, A, li, (', i), i-,, and a 
cooling vessel V. 'I'licse .ihsoibing \essids aie constructed 



of each vessel is legulatecl by tlic How of cold water lhn)U^h 
enclosed coolini^^ coils of lead piping. Tlic \esscl A maybe 
looked upon as a dephlcgmab^r, u fis a main condenser, 
C, D, T. as absoibers, forming along with the coke tower i< 
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iin crfoctivc countci’-i,un(‘iit H('rul)l>ing' hy.stcm. The vai>our.s 
from Lhc still pass through Llie absorb! vessels in the al)ovc 
order, each vessel containing' about '2 ft. of Hcjuid. Tlic total 
depth of licjiiid through wliich the vapours are forced is about 
10 ft,, as o|)poscd to about 2 ft. of acid in sul[>hate making. 
Tlie pressure on the lop of the still is thus higher in the ca.se 
of concentiated litjuor, and i)rovision for this must be made 
in designing the still. In the plant described the gases from 
the still pass into the fust absorbing vessel A. Here they arc 
cooled by coils, thnnigh whicli cold water oi (as shown in the 
(hawing) cold weak Hc|uor is run. Thus the first vessel may 
be u.sed as a superheater. A.s the bulk of the condensation 
takes place in this vessel, a gieat proportion of steam is 
condensed, and the licpior fiom this vessel is usuall)' lun back 
into the still through tlu‘ cock M. 'fhe tempeiature in this 
vessel is too high foi complete abst)iption o( ammonia, and 
the g.ises pass on thiough the other absorbing vessels, u, (', D, 
1'*, in the oidei named, The temperature in these vessels is 
controlled by cooling coils (not shown in sketch), and the 
whole of the ammonia is absorbed. 'I’he gases, if any, fiom 
the llnal absoibing vessel M pass through a coke tower K, 
down which a small stieam of cold water runs. This watei 
lakes up the last tiaees of ammonia oi' sulphuretted hydrc^gcn, 
and passes on through d to C, taking up more ammonia in its 
passages It will be* seen that llie licjuor from U also (lows 
to ('. 'I'luis the licpioi ill c is Ll'ic final li(]Uor, but to avoid 
loss by volatilisation, the liquor is c(K)led in vessel F befoie 
passing to the store tank Ii. 

Hc.sides ammonia, carbon dioxide and .sulphuretted 
hydrogen and hydrocyanic acid are absorbed in the various 
vessels, and the final concemtrated licjunr is leally a mlxtuie 
of ammonium caibonate, ammomiim sulphide, ammoninm 
hydiali', ammonium C)’anide, etc 

The total ammonia in the lupior !)y the above plant may 
he brought np to IT per cent,, lull it is not advis.djle to go 
bc'vond tins point, as the Icndcnc)' to eiyslallise incieases 
lapidly, and liuse is dangei of slopp.iges in the j^ipes, chiefly 
Ihiough ammoninm eaihonate. In salisfactotj’ woiking the 
l)iessnies on each vessc‘1 should show a giaduid deciease to 
atmospheiic prcssuie, and the tempeialiucs on th<' vessels 
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should also decrease iinifonTily. The following figures show 
an average working ; — 

Pressures — 

Top of still. A. B. C. D. E. 

12 9 1 to 10 7-^ to S 5 to G to 3^ 0 to 1 in. mciTuiy. 

Temperatures : — 

Top of still. A. B. C. n. E. 

100° C. H0° to 85° 70“ to 75“ 50° to 55“ lO” 25“. 

• 

Per cent, of ammonia : — 

A. B. C. 1). E. 

10 por cent. 15 pei cent. 17 per cent. 13 per cent. 1 pci cent. Nil,,. 

A typical analysis of a concentrated liquor is given below: — 

Ammonium carbonate - - 3D’() per cent, 

,, sulphide - - 5*0 ,, 

,, hydiate - - TO ,, 

,, cyanide - - *1 ,, 

Ammonia^ as NH,, - - ' 17*0 „ 

A prcjionderance of ainmonium caibonatc will be noticed. 
If the weak liquoi fiom the coke plant contains exce.ssivc 
proportions of caibon tlioxidc, aimnoniuin caibonate is 
deposited in the coolers and piping in a troublesome mannei 
if the degree of concentiation exceeds about 15 per cent. o( 
ammonia. In some cases a portion of this caibon dioxide is 
lemoved sepal atcl)', allowing a higher dcgiec of coin enti ation, 
say up to 25 per cent;., whilst in larci instances the whole 
of tlic caibon dioxide as well as sulplunettcd hy'diogen is 
removed, the pioduction of f.uily puie atiueous ammonia being 
then aimed at. A gicat piopoition of the cailjon dioxide, as 
well as apprccial^lc ([uantities (jf .sulphui cited liydrogen, may 
be icmoved by means of a picliminary heating of the weal<. 
liquor. Thus at a tempciature of al)ouL 95" C, we can cliivc 
off thc.se objectionable gase.s along with onlj* slight piopoitions 
of the ammonia. The foul gase.s evolved may be led into the 
foul gas main, oi may be passed through an acid seal to 
letain ammonia, the lemainiiig gases being led off by a vent 
pipe. The hot, partially purified liqiioi may tlien be treated 
in an ammonia still in the manner already dcsciibcd. Anolhei 
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r.(i 

method of removing carbon dioxide is to pass the gases after 
dephlcgination through a washer fed by a continuous stream 
of milk of lime, which may then l)e admitted to the still in the 
usual manner, If the i)nrcst pniducL is sought, excess of lime 
is necessary, and t^vo or three washers are used. Permanganate 
of so<la or ferrous sulphate may he used to remove the last 
liacc of I I,,S. Tarry matters, pytidine, etc., are removed in a 
heavy oil washer. After passing through a final charcoal 
filter or coke sciubber the purified ammonia gas is absorbed 
in distilled wat<*r, giving a water-white a(]ueous ammonia. 


CHAPTER VI 


“DIRECT" PROCESSES OF AMMONIA 
RECOVERY 

Until recently :imm<Hii£i was almost entirely vccovci’cd at 
coke plants by a water absorption sj'stein ;is descrlhed in 
previous cliaiitcrs. Tliis [)rocess is attended l)y certjiin dis- 
advantages. A low temperature of tlie gfis is necessary (or 
efficient tccovcry ; varying quantities of water are introduced 
into the .scrubber, increasing- tlie bulk t)r liquor whicli witli 
washed coals is, apart from this addition, a serious item ; mani- 
pulation of the liquor from variou.s points leads to lo.sses from 
evaporation, etc. ; whilst the increased bulk of li([uor neces.si- 
tates a heavy steam consumption in the still.s, and an ex- 
cessive quantit)’ of spent liquor. In some cases £in acid 
W£isher or sciul)i')er is substituted for tlie usual W£iter-fed type, 
the solution of ammonium sulphate being evaporated tcj the 
ci)'.stallising point or used up in the saturjitoi, but tliese 
processes do not appear to iia\e made headwa)’ in coking 
jiiactice. In considering ammonia alone tlic thermal losses 
in (a) cooling the gases and (/q distilling the liciuoi lepreseiUs 
the reverse of economj', and to minimise these losses, llnnu k 
in 1 Oho {ittempted to texoves ammonia in a “direct" sj-stem 
by passing the hot gases Ihrough sulplunu acid. 'The 
process at the time faileil thioiigh the inefficient leinoval ol 
tar fiom the hot gas, gning lise to diiLy sulphate, but since 
then effective tar extracting s) sU'ms liave been devi-loped 
and the diawback of discoloinccl sulphate has In-en leinoved. 
Efficient tar extuiction is a piime essential, juhI is bioughl 
about by liictiomd methods, such as (o) mtiinale contact willi 
a .spray of tar, creosote, or Hipior, (/)) centrifugal melliods, {<) 
bubbling through hot tar, etc. Anolhei essential is llie pre- 
vention of condensation of the water vapour liefore leaving 
the .saturator. For thi.s jnirpose the gas, up to its enlrj’ into 
the saturator, must be kept at a temperature above the dew 

f)V 
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point at any particular plant. Thi.s clew point variuh with the 
moisture contents of the coal and the pioportioiis of water 
vapour and fixed { 2 ^uses in the mixture enterin^r the satin ator. 
With washed coals the R[>iire is usually in the rei^ion of HO" 
whilst with diy coals it approache.s VO" C. There is thus a 
dcciiled [rain in thermal efficiency in coolin[r the [•uses to, say, 
80" C. instead of 25” C. However, as, it apjiears [irobabie 
that benzol recovery will he an essential part of a moclcui 
by-product plant in fiiLuie, we must consider the ammonia 
c[uestion in conjunction irith benzol. Thus in benzol recovery 
we must cool the [^as to 25” C. whatever process of ammonia 
recovei)' is used, and if we are to reduce the temperature of 
the gas to this extent after the saturator the gain in theimal 
efficiency disappcais. 

There is an advantage in cooling alter the abstraction of 
ammonia, as the condensates are then piactically free from 
ammonia and constitute an eOluent fiee from lime, rcquiiing 
no settling pools, and of consideiMbly less volume than obtains 
in the older indirect [uncesses. Other direct processes recover 
the tai as in the older systems, by gradual cooling followed 
by some foim of tar extractoi (usually of the impact type). 
Undci these conditions the water vapour is also condensed, 
and tile litpioi pioduced, though lessened to the extent of the 
amount of walei foi’inerl)' added in the sciubbei, must be 
heated with lime .ind steam m the usual manner. Ammonia 
is ex])elled in the free condition .uul is admitted to the main 
gas sLipfily, V hicli then [jasses tlnough a satuiator. This ty{)e 
of plant irui}' be more coirectly termed a semi-direct piocess, 
since an ai)[n‘eciable amount of liquor is made requiring lime 
and steam, and a separate still, whilst in the true diiect [jro- 
cesses on])' Inajjpreciable fjuantities of li(iuoi are pioduce<l, 
tjwing to thehighei tenqieratiiie in the initial .stages. I'hough 
najihlhalene tioubles arc not unkm>\\'n in inducct and scmi- 
(Inccl [irocesscs, the gradual cooling iemo\es some naphtha- 
lene 1))’ way of the tar, and the tionble is not as acute as 
sometimes expel ienced in diiecL pl.ints. In many cases the 
latter a(io[)t special means ioi icmoval of miphth.ileiu' after 
the satuiatoi and laioi to the benzol sciubbing s)'stcm, Both 
(liiect and semi-diiect systems offei advantages as conqiarcd 
witli the oldei indiiccl methcjd, but as to the relative ineiits 



31 .— Otto Direct Recovery Plant. 
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of direct and semi-dircct plants, definite advantaj^cH peculiar 
to one system are counterbalanced by equally definite dis- 
advantafres, and so far the writei, from obseivations at several 
plants of both types, is unable to cxjjress any j)reference for 
cither type. The various modifications of these j)rocess(Js aie 
described se) iatim : — 

The Otto process (Fij;-. fil) removes the tar by means of 
a specially designed .spray c.\ tractor aitei a preliminary 
legulation of the gas temperature by means of an air cooler A. 
The heaviest tar is condensed in the gas main and is rcmovc<l 
by means of the tar catch tank it designed for easy removal 
of pitch deposits, etc. The es.scntial patt of the .system is 
the extractor C consisting of a vertical pipe 0 to H ft. long, 
slightly conical, the dimensions being determined by the 
nature of the liquid used for spraying. On the Continent tar 
is usually used, but llcpior has been used in this country to 
good effect.^ 

The liquor or tar is circulated by the centrifugal pumj3 
n and collects in the lank below the spiay, the excess ovci- 
flowing to the .store tank. Any chloride of ammonia [uosent 
is scrubbed out along with the tar and dissolves in the hkiuor. 
Mr Piuvcs states that ammonium chloride is not so cffcctivel)' 
removed when tar alone is used. lie points out that the 
cxti action of the tar Is purely frictional, and the tempeiatiue 
of the liquor is Loo high for free ammonia to be dissolved, 
whilst it is evident that if the lempcratuic of the gas anil 
liquor is kept just at the dew point, neither deposition noi 
evaporation of liquor will occur. He further .states that the 
separation of iicavy tar is complete between 70" C. and 
80" C,, bis tests of the tar showing at the same time that 
only inappreciable quantities of light oil aie absorbed, the 
lattei passing ihiough the saturator K. 'Phe j)ro[)()i (ion of 
ammonium chioiide entering the saUiratoi is very small 
under these conditions, whilst the wiitei’s tests on Siilt, math* 
with tar as a spi .lying medium, inclicate that the chlotidi* is 
only partially decomposed and is dejrosited with the '-ulphato. 

' “'I'hc Apirlicalion of Cokc'Oven Ciu!)om/tn5f anil Olio Diieci 
Ammonia Rccovciy to G.as W’oiks’ Ro<imiein(‘nls,” (I, 'P, Ptuvos, 
A M.I.C.K., Inst, of G.as ling., June I!) I I. 
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After passing the saturators the am man la- free gas is 
treated in a specially designed naphthalene scuibber 1-' by 
a scries of poweifiil water jets, The water descends and 
carries down with it some of the naphthalene, which may then 
be recovered from the catch tank (J. "fhe gas now enters 
the exhauster ir, which forces it for-ward through a cooling 
system and a benzol scrubbing system, and thence back to 
the ovens, The saturator for this and other direct processes 
is designed on a much larger .scale than the ordinary tyjje, 
since in addition to the ammonia evolved the whole of the 
gas from the coke ovens must pa.ss through this ap par a tins. 

The Simon-Cmrvcs direct process (Fig. 112) aims at the 



removal of the tar in a hot conditic)n in two slagts^bolh of 
which are dependent on the centiifugal action on constituents 
of vaiying specific giavity Owing to the great dilfeu'ncc in 
s[)ecific gia\’il\' ol the hca\ ier tar and g.is, it has been found 
that a centi ifiigal sepaiator of the i )'clone type witlmut any 
moving j>ai Is is suit<dite foi the fust stage dealing with the 
heavier tars, I'he gas ciUeis die <. ylindi ical poilion of the 
cyclone separator A, thiough a tangenti.d inlet, the aciicm ol 
the exlianster impaiting ,i rot.it)' motion to tlu' gas. 'I'his is 
maintaincrl b) le.ison of the conic.d shaj:)e ol the lowei 
portion countoiacling the gradually diminishing velocil)' of 
the gas, which le<ives the appaiMtits thiough <i ( enti al ontloi 
l)i[)c extending some distance below the covci to puvent au)' 
interfeiencc with the cyclonic action, 'fhe diops of l,u aic 
thrown outwMrds towards the pel i[)hciy of the separator, 
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wiu’u' lli('y coa^julah' and arc collcclcd throu{^h a seal pot. 
'To R'liiovc the ii^jhlei lars a ijuh’c cneipcUc action is recjulred, 
and this is uhiaiiK’d in the dynamic tar cxtnulor it, in which 
a vci)' lapid lotaiy motimi is produccil by vanes rcvolviii}^ 
at a liipli speed, 'i'he (iik'i' drops of tar still in su.siHin.siini 
aflci ilu‘ (:)’e!on(’ are l)nnip,ht into vioh'iu contact with one 
aiKdliei'i ( oiiibine into tai'p(‘t' di'ops, whi<'h colli:( t in tlio lower 
poiiion of the < .isiiip and are diainetl off. In th<! case of 
t oals I oiUaiiiini; hii;h pro])orlions of chliii idi's, a little water 
is allowed to enmh'iise in the dynamic separaUir. Thi.s water 
liissolves oiil llie ppealer poition of annnoniuni chloride, 
loriiiinp, a solution whidi ina)’ b(' worked up to a marketable 
'.oli<l ])i'odui 1. rids appears to be the most feasible meth<Kl 
of <iealin[j wi(h this coiislitnetil, as the ammonia Is already 
Used as ( hloridt', ( onse(|uen(ly letjuirinp for conversion into 
a solid piodiiet neilluM a< id nor liiiaj, but tneiely evaporation, 
ria* eosl of evapoiation may be reduced b)' le^ulatiiif^ the 
<pi.nil ity of li(pi()i (oiidensed in tiu' separator, and by circulat- 
inp, (be liipioi until o(‘ salisfactoiy slienpth for evaporation. 

I 111' jpe>es aie (oi ced ihroiij;!! the saturator by the exhauster 
l» .ind ( , iind aie then cooled anil pa.ssed to iht' beiwol plant. 
In llu’ .Simplex dio’Cl ie(ov<'iy system the ^as is first 
treated by hot l.n in a scrubb{*i , the temperature of the t<u 
belli}; itui“fullj' (ondollisl by atlowinp, a definite propoition 
o( hot lai (i» be pniipx'd bai k to the sc't'iibbei. 1 he lighter 
tai still m suspc'iisioii is i<’ino\{sl in a seiond tar extractor, 
utilisiiij; ,i < enliilu};.!! systeiu. In this I’XtiacLor the ^tis is 
diauii thioiij:;!) a seiies of veitit'al tubes, each tube having 
.1 spec i.d lap witli tan}|ential slots, A high rotary motion 
IS iinparti’d to the gas, whii h thus strikes the interior surface 
<»!' these tubes, causing the finer particles of tar to iiidle in 
simsible drops wide h (low down the pipe and lUe caillccted 
ibnaigli a seal 'I he vi'locity t)f the g.is is impoihint, .in<l 
is luainlainetl by ii^'iiig blank c.ips, if neiessaiy, to reduce 
the (ot.d aie.i of the gas p.issages accoidmg to the output 
of 'gas, \\’ldl''l the slots ate k<'pL tU'aii b)’ Lai liom <i lotai)' 
disli ibul( i| . 

I he K<ipp<'i‘i pKni'S'i Is shown in log. •*<3 I he hot gas 
fioiu the ovens t'nleis ,i smies of watei -coolci s o( th(i tubulai 
tyjK*, being theieby tooled to atmospheiic lemjietatiue, and 
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(Irpn'.iiinp, llu‘ l»ull< of lar ami luiuor by roiHli-nsiitioii. The 
};a'. j'i iIkmi clrawn l)y an cxhausUT and (lnv(‘ii forward to 
a lar I’Xlratior of the iinpiU’L type (vertical or horizontal), 
ill whldi the he.t tiaees of lar are oliininated. 

Afli'r leavinp llu* exlrai'lor the {jas passes through a re- 
lieati'i’i w'laar it heeoines heapMi to auch ado{.p’e(5 as t()[jcrmil 
of the jpei liriiift (h'livm’ed direet Into the .satiiratoi. The 
ainmoiu;» is {‘\tia» t<‘d by diieet alisorplion, and the Hiilphate 
pruditied I', ejeited in the usual manner. Any li()Uor pro- 
diiu’d ill the prrliininaiy coolers is ttealed in a still with 
atlililiuii of lime, the heat for this and for tlu! relu'ater 



supplied b)’ the exlnnist sLe.uii from the en^dnes drivin^r 
tiu' eNh.uC'n'i, 

In the int'lb'sl adopted by llu' ('oal 1 )islil!alitai ( o., the 
,.,u, i. o)oled in tin- iisii.d niaiinei, anti llu: last li.iics ol lai 
elnnin.ilf'l ni <i I’eloii/e and Aiitloinn extiatloi. I lie toin- 
piesMoii ol the tjas in the exhatisler laises the tfinpeiaturc 
,il,unt |(),<iiid (be, addition, .doiif.; with the heat o( le.iclion 
in tlie s.ituialoi, ()ie\enb, eondeiisalioii of uatci \a[Knir in 
ll„ ...iiiiialoi 'I lie .Ulei-lieatnu'iK of the is on the 

liii.', .die.uK nidi, aled II the pa^ is letiuiied fol lij,dltin^ 
pu,|„,,,.s, the \apoiii. (loiu the ainiiioiiia still, bein^ Tn h in 
Mil|,|iui . oiMiMiiin.ls, .lie li.l into .i s.'paialt dniaoii ot the 
,nid the l.iut ;;ases ,ne letl .i\\.i\ b>' <i spet lal tinUin 

.lud .lie not intio.hi.ed into llie i;.is stie.iin 

1 )„■ Coppi'e [ii.Ht ss I he;, lit) is t<.ndn< ted on sinid.n lines, 
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no reheating taking place, but in this case the vapours from 
the still are carried through a diicr which returns excess 
moisture back to the still, allowing relatively dry ammonia 
gas to enter the main gas stream. A more recent develop 
ment of this principle is adopted in the process in.stalled by 
the Coke Oven Construction Co, (Fig. 35). The ga.scs pass 
through a cooling system, exhauster, and tar extractor in the 
usual manner, passing thence diicctly to the saturator. 

The liquor .separated from the condensates iswotked up 
with lime and steam in the ordinary way, and the ammonia 
vapour is admitted to the main gas stream on the inlet side of 
the saturator. The resultant mixtiire is then passed through 



a water .separator. The ol)jcct of thi.s is to lestoie the 
equilibrium between the gas and moistute content, and to 
ensure a purely s.itinaled condition to the mixtui<; enteiing 
the saturatoi. Thus, provided the tempeiature is main t .lined, 
the gas will cany the nioistine thiough the satuiatoi without 
deposition, and since the heat leaction in this case is positive, 
theic is a definite maigin o( tempeialuie, .illowing for ladiation 
lo.sse.s. The Hiilish Coke Ovens Co,, Ltd., have adopted a 
modification (h’lg. .‘Ui), in which the essential points of dilfci etu e 
lie in the means of supplying the lieat to expel live ammonia 
from the condensates, In the fust place, the liciuoi on its w.iy 
to tile .still passes through tlie ajipaiatiis A in wlneh it is 
heated by means of flue gases (waste heat; fioin tlie ovens. 
The heated liiiuor then pas.scs downwards llnough the still in 
which the ammonia is expelled Ivy a cuiient of gas deflected 
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from the main stream by a thioUlc valve after the exhauster. 
This subsidiaiy stream of is heated in a gas rcheatcr U by 
means of flue gases. Thus no steam is required, and the 
ammonia vapouis from the still pass into the main gas stream, 
which is then treated in the manner already described. 

Messrs Eagle)', Mills, & Co. (h'ig. 67) utilise the principle 
of heat transfeicnce by actual contact between gas and litiuor 
on lines somewhat similar to those applying in the case of the 
ammonia recovery system in connection with Mond producer 
gas. The gas from the ovens is cooled in the condenser a, 
fitted with a series -of perforated baffle plates. Cold liquor is 
admitted by sfirays at 15, and owing to the counter-current 



['ll. 557- li.i}-lt'>’, MIN'., C'o.'s l)ii<‘i I gi'covfij I'lanl. 


s)'stcm, the intimate contact cools the gas Horn 100 to 
approximately 6.")' heunning itself heated fioiii about 
to 00' C. Tlic hot liquor is scpaiated from llie tai and 
is spi.q’cd into the \cssel c, in which the heal llius absti acted 
in the iiist vessel is ietiMiie<l to the gas, which is raised in 
lemperatiiie to .dHiiil NO C\, wliilst the liciuor is again cooled 
to about 2~i‘ (’. All)' (lee ammonia is lahen up by the g.ises, 
which ill a full)' .satiir.ited condition enter the s.ituiaLoi, If 
these two vessels alone weie used it is obvious that the liiiuor 
would giadually become hoLtei untd the efficiency of the 
condenser A asaeoolci and t.Lrextiactoi would disappeai. 'I'he 
eciuilibrium is, howe\cr, maintained b)’ <in mtcM mediate cooler 
I), ill which the gas tcinpei aturc' is contiolled by external 
watei cii dilation. luce ammonia is letained in the gas, whilst 
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tile circulation of the liciuor results in a solution containing 
fixed ammonia compoLinds, which may occasionally botreatcci 
for recovery of ammonium chloride. The water va[)()urotigin- 
ally in the hot gases is condense^!, but revapori.sed in C to an 
extent governed by the temperature at the exit. 'I'lie tliffer- 
ence would have to be removed occasionally, but by by-passing 
some of the ctjoled gas to the system at i-: a larger {juantity of 
walei vaiiour can be cairied, the efficiency being incieascd b}' 
lelieating this branch stream ifdesiiecl. 

In the jiieceding piocesses sulphuric acid is re<iuired and, 
in the great imijorit)' of cases, is secured from externa! .sources. 
Apart from the additional expenditure incurred, this state of 
affaiis ih much to be regretted from the sLandpiiint of national 
economy. In the majority of eases there is sufficient sulphur 
in cok(“ o\cn gas at any plant to more than satisfy its 
re(|inrements of sulphuiit <u id, hut with very few exceptions 
the sulphur is not lecovei'ed, It is [irobalile Lliat with a more 
e\l(“nded fu'ld foi loke oven gas ha* lighting and power a 
gie.ilei piopoilion of this sulphur will be lecoveicd in the 
ordinal y method of jiurifieation by oxide of iron. This 
im'thod 1^ an intermittent, and atlem|)ts have been made to 
letovi'f the sill phiu in a continuous method and in a Cfindition 
( apahle of couihining with the .iiiimonia in the gas. A suc- 
( (‘'>sfiil pi'o< css on (hese lines and on a tommercial .scale 
would have luoiedaim to the title of a " tlirect " process than 
ati)' pieviously mentioned, but .dthough the lUiikheiscr and 
h’rld piotcssi's aim .it this laudable object, they have not yet 
obtained a foothold In coking practice, In the Buikhciser 
process the gases arc washed with watei containing finely 
divided o.xidc of iron in suspension, Iron-sulphur compounds 
aie pioduced, as well as soluble alkali [lolysulphidos ami 
snlphocyaiiides. The .solid sulphides aie lecoveied, diied, 
and loaslcd, giving a mixtuie of .SO, and SOj, 'Die gas 
fioiii the oxide of iron washer jiasses llnougli a satui.itor 
(h.Mgi'd with acid ammonium .sulphite, which ahsoihs the 
amnionM, foimiiig a inixtuie of nomi.il ainnionium sulphite 
and ainnionium siil|)hatc A poition of tlie normal sulpliUc 
is lalihsisl to ahsoil) (he .SO^ <ind .SO fioni the loasUng 
pi o( (‘ss, becoming conveited into acid sulphite, winch passes 
to llu“ main s.ituiatoi', and thus acts as the agent whereby the 
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sulphur compounds in the gas arc made to absorb ammonia 
in a self-contained process. The salt produced is oxidised 
by air to ammonium sulphate. The reactions are complex, 
but may be summari.scd as follows: — 

Absorption of IL^S 

Fc,.0„ + 31-1^8 - H- 

Regeneration of iron compounds : — 

l'’c.S., + 90 - Fc,Oa + JISO... 

Transference of SO.j : — 

.S0„ + HjO + (NH ,),S0., - :iNI I ,T-lSO„. 

Absorption of Nib, : — 

NH,, + N 1 1 ,T ISO,, - (NH 

Oxidation of sulphite : — 

(NH,).,S0,,-t-0-=(NII,),S0,. 

In the Feld piocess the gas Is washed with a solution of 
ammonium polylhionate which absorbs ammonia, becoming 
itself converted to ammonium thiosulphate accompanied by 
deposition of sulphur. The thiosulphate is icgeneiatcd by 
treatment with SOo and <i^ain passes to the ammonia absoibcr. 
The ammonia content of washing li(jUor gradually increases, 
and a portion is removed from time to time and ticated fur 
Ihc recoveiy of ammonium sulphate. 

"I'he reactions may be indic.ilcul thus 

Absoi plion of N 1 1 , — • 

N 1 1 „ -I- H .,S s- ( N 1 1 , ) ,S ,0„ - 2( N 1 1 , ) ..S,0,, -i- S. 

Regeneialion of washing licjiKu — 

l>(NII,),S.,{),,-i-3SO.,h-S S. 

Conver.sion to siilphati'. — 

{ N 11 ,) ,S ,0,, -I- 1 1 cal ^ ( N H ,) ,S( ) , -i- .SO, -|- ll.S. 

"J'he SO, is used foi fuilher regeneialion, the siilpluii is 
filtered off and conveiled to .SO.,, whilst the solution ol 
ammonium sulphate is evaiioiated iindei v.icuum for the pio- 
duction of crystals. 

Another process has recently been introduced by Profc.ssoi 
J. \V. Cobb, Leeds University, in which it is piopo.scd to wash 
the gas with a .solution of zinc sulphate, the ammonia being 
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I'cliiincd as a solution of aiiinioniiiin sulpliato, the /Jiic bcin^^ 
I>rr< ipiiated by the 1 1 ,S in the ^as as zinc' sul[)hide. The 
laUor, <»ii loaslinj; in air, forms siilj)haU; and oxide, liberating? 
siilpluir oxid(‘s wiiieb an- blown throii^di water eoiUainini? 
pii's ioii'.ly roa'.(<'ti materia! in suspension. 'I'he zinc is thereby 
let ()nverl(>(l (<i a solution of /ine sulphate and is leuscct, 
thus eoinpleliiij', the liieuil. 'I'he ri'actlons may be thus 
siiiiim.u ised ‘ 

Alisi )i pi ion of N 1 1 ,| ; - 

1!(NI[.,) I II„S r/m.SO, ZnS I- (N 11,), .SO,. 

keiynei'.llioll . 

ZnS I ^()„ 'ZnO I- SO., -I O (in roa.slei ). 

/nO I SO, I O Zn.SO, (in ahsoibcr). 
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DISTILLATION OF TAR 

Tiih coal tar obtained at coke works is a bl.aclc viscous fluid 
of a specific gravity usually varying from I’l to 1/2. It 
consists of a veiy complex mixture of compounds, chiefly 
hydrocaibons, but in some c.ises associated with oxygen, 
nitrogen, sulphur, etc. The manner in which these elements 
combine is uncertain, the nature of the compounds being 
largely influenced by the tem|)eraturc of the coke oven. 
The yield of tar varies considerably, being mainly dependent 
on the nature of the coal treated and the tempciature of 
the retoit. The constituents of tar may be grouped as : — 

1. Hydrocaibons — (a) I’aiaffin series, (A) IJen/enc series, 

2. bodies containing oxygen, tar acids, etc. 

Bodies containing nitrogen, ammonia, pyridine, etc. 

'I. Bodies containing sulphur. 

Pitch. 

G. h’reecaibon. 

The pio[)oilion of the above gioups is not by <iny means 
constant, but de])onds vei)' largely on the lemperatiuc to 
which the coal has been subjected. The effect may be bettei 
iindcrstfiod by considering two actual teinpei.iturcs of coal 
distillation on a commercial scale. l,)eahng with a low 
temperature (about aOO ' C.) as in coalite processes, etc., 
the tai is recoveied in greatci quantity, amounting to about 
20 gals, per ton of coal, and is vciy fluid as well as of low 
specific gravity. It is rich in hydrocaibons of the paraffin 
sciics, which arc valuable as .solvents and motor sjiirit, but 
i.s deficient in bcn/.cnc hydrocaibons, hence is of Utile value 
to the dye industiy. This* low temperature tar is rich in 
tar acids, but has a compaiatively low content of [)itch. 
This is compensated for, to .some extent, by the better quality 
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of this pitch, which possesses an exceedingly low content of 
free carbon, rcnderiiii^ it much more valuable foi insulation 
purposes, etc, With cannel coal, even at higher temperatures, 
the tar usually contains paraffin bodies. At hl|rher tem- 
peratures the tar recovered is not so fluid, is lower in the 
li^lit oil fraction, contains mcjrc pitch of lower quality, and 
is recovered in less quantity, avcragiiif^ about 10 {^als. 
per ton of coal, Typical analyses of tars obtained at different 
temperatures arc shown below : — 

Composition ok Tar uy Wicioht. 


Ainmoniaciil liquoi - - ' 

1 

I'OU 1 

I’Ol 1 

J'OI 1 

0-38 

Crude naplitliil - 

9-17 1 

ydf) 

m 1 

3 -'If) ' 

' 0-[)l) 

Light oil - 

10 no ! 

! 7M0 

‘j^^7 ' 

2-r)i) 1 

0-f)7 

1 Cicosote oil - - - 



27 ’20 . 

27-33 

10 -'ll 

1 Aiithiaceiie oil - - 

20’il2 

i:m7 

lrt-13 ] 

; 13-77 

12-28 

1 Pilch ^ 

2H'2!) 

1 

1 .11 -HO ; 

: ‘17-a7 

(i‘t-08 

1 Specifu. gravity - 

1-OH 

1 ITO 

ri 1 

1-lf) 

1 -20 

j Approximate tempciatuie - 

OOO ' C. 

700" C. 

aco" c. 

j OoO'' C. 

i.Kxr ( 


~L. T. W right. 


The constituents of tar have widely varying boiling points, 
some of the more important being described below : — 


ConsLiUicnt. 

Udihng I’oinl. 

J’ onmtln. 


° C. 


benzene - - - , 

80-5 

Cfil Ifl 

Toluene - - - - 

110 

C,ll8 

Xylene .... 

138 to M2 


Naphthalene 

218 

CioUh 

Anthiaceiie 

300 

t id ho 

Pyiidinc . - . - 

117 

(VI,.N 

Catholic acid 

181 

( /,[ 1 1 „( ) 

Ciesylic acid 

188 to 200 

C\IL() 

Cathon disulphide 

.17 

C.So 

Thiophen ... - 

81 

c,n ,s 

Aniline .... 

182 

( 1(1 1'/N 


By reason of the diffcience in the boiling points of the 
various compounds, tar may be readily split up into gioups 
of compounds by fi actional distillation, a loiigh separation 
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being' obtained by collecting the distillates at the following 
temperatures to form definite “fractions" — 

1. “Light oil" - - (iollecLcd up to ITO" (!. 

*2. “ Middle oil ’’ - ,, between 170" and tiOO" (L 

;l. “ Heavy oil " - - „ :i30" and 270" C. 

'1. “ Anthracene oil ’’ - ,, „ 270’ aiKLlOO' C. 

b. “Pitcli" ' - Residue left in letort. 

Though a laboratory method oii a small scale may indicate 
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compaiative results, it is scarcely satisfactoiy in estimating 
yields of vaiious fi actions obtainable oii a laige scale, though 
it is very often convenient to make use of kdjoiatoiy tests as 
an approximate guide to the n.itme of the ni.iteiial being 
dealt with. Whenever possible, a small still capable of dealing 
witli, say, 100 gals, is much to be preferred. If this is im- 
practicable, a useful test may be done on a laboratoiy scale 
with appaiatus such as shown in Fig. 'AH, At least 1 litic of 
tar should be u.scd. 
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The retort is of iron, with suitable flanges for making a 
gas-tight joint, and a small opening in the upper part for the 
insertion of a thermometer. The retort is either supported 
on a sheet-iron screen which surrounds the lower part of the 
retort, or siatids on a strong tripod inside the screen. Round 
the upper portion of the retort, below the flanges, a ring 
burner is fixed which serves the very useful purpose of first 
heating the uppci portion, and driving off the water without 
frothing. Another burner is placed under the base of the 
I'ctort, and serves for the distillation proper. It is advisable, 



Klfi, 111).— C’.cncml Arrunj^cnicnl of 'Ini Dislilling ri.uil. 

in the earlier stages of the distillation, to keep the retort neck 
as cool as possible. The whole is connected to a suitable 
condensing apparatus : in many cases a long iron (or glass) 
tube is sufficient. After the light oil stage the retort neck 
may be allowed to warm up to prevent blockages fiom 
naphthalene, and in the later stage (//’., anthracene) this outlet 
tube may icquirc to be warmed cxtcinally to keep the dis- 
tillate liquid. The various distillates may be mcasuicd, and 
the pitch, whilst still fluid, m.iy be poured into a lared dish 
and weighed when cold. 

A typical plant for the distillation of tai on a commcici.il 
scale is shown in Fig. .‘59, a tar still in detail being shown in 
Fig. 40. The still a is constructed of mild steel plates, the 
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bottom being dished to present a greater area to the heat 
from the grate G. The flame, after passing underneath the 
still, rises in a spiral direction lound the sides and passes into 
the chimney flue through an opening fitted with a damper. 
The vapours evolved pass off through the cast-iron swan- 



neck fitted with a safety valve c into a coil passing thioiigh 
a piimaiy still n. This i)iimary still has been pievionsly 
filled with cold tai, which thus liccomcs pichcatcd by the hot 
vapours fiom A. By utilising two stills in this manner cou- 
sidciablc economy is effected, and the water and a ])oition of 
the lighter oils in the piimary still pass off and are separately 
condensed in the cooler K. The vapours fiom the main still, 
after passing through the primary still, are completely con- 
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clcnsccl in F. The products from tlicsc coolers pass through 
inspection overflow bo.xcs ii and J to any desired store tank 
K, according to the number of fractions desired, the “change 
over ” point being usually determined by the specific gravity 
of the distillate. After the light oils have passed over, the 
water in the condenser F is .shut off, allowing the tempcratiiic 
to rise, as otherwise naphthalene, which is solid on cooling, 
would obstruct the pipes. The successive fractions arc taken, 
and towards the end of the distillation steam (which must 
be dry) is blown into the still through the distributing pipe 
M (Fig, ‘10), to assist in the expulsion of the oils of high boiling 
point, and to prevent the formation of carbonaceous residue 
on the bottom of the still. When tests show that the licpiid 
fractions arc expelled as far as dcsiicd (according as hard or 
.soft pitch is aimed at) the fiie is drawn, and after a few hours’ 
cooling the pitch in a molten condition is run off into the 
cooler N, the fumes from which pass into a purifier. The main 
still is then refilled with tar, already in a heated condition and 
deprived of water and light oils, from the primary still, which 
in turn is filled with cold tar, and the process is continucrl. 

After a time, when the evolution of acrid fumes has ceased 
and the pitch is still liquid, the contents of the pitch coijlcr 
arc run off into pitch bays P, and allowed to solidify. 

In .some cases tar is prepared for the treatment of roads as 
a constituent of tar macadam oi for surface tarring. The 
.specifications of tar for this purpose, as i.ssued by the Road 
Foard in their “ General Directions relating to the Tar Treat- 
ment of Roads,” are given below : — 


Kilcl.ltll. 

pel ( ciU 
H- wntci ) 
pel cent. 

i> 

C. 

pci cent. 


No. 1. 

Sin face T.irrin{,'. 


No, 
Tni Mfi 


lictow 170'’ C. 

170“ lo 270“ C. - - - 

270’ to 300“ C. - - - 

Total between J 70’ aiul 300 C 
I 'ice caibon - , - - 

Middle Otis to be fiec ftoni 
naplulialenc at - - 

And to contain tar acids 


/ Ihidei 1 pci rent Uiulct I 
\ (exclusive of watci j (lif-lit oils 
16 to 20 pci rent 12 to IB 

3 to 10 „ 0 to 10 

2110 3 1 ,. 21 to 20 

12 10 21 „ 12 to 22 

30’ C 2.V' 

Undci 3 pci cent. Undei 2 
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Usually a cHstillation of ihc tar up to the removal of 
water and light oil is sufficient, and the process is much 
simplified, 

The process described is an intermittent one, but various 
attempts have been made to distil the tar in a continuous 
fashion with more or less success. In some of these systems 
the tar passes through a series of stills in comparatively thin 



layers. These stills are maintained at successively higher 
tcmpeiatuies, so that light oils aie evpelled in the fiisl vessel, 
middle oils, etc., in the second, and soon, 'riu* vaiions dis- 
tillates aie condensetl in sepaiati' coolers. In some cases the 
tar is heated in a s{'i()entinc coil until a pilch tempeiatnie is 
reached. The mixed v.ipours aie then fiactionall)'’ condensed, 
heavy oils coming down in the first condensei, light oils in 
the second. Again tar, after preheating, may be spiayethinlo 
a vessel in a finely divided state and tieated with su[)ci heated 
steam. Under these conditions the high boiling constituents 
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distil over at lower temperatures, molten pitch being' run off 
continuously, Sometimes a continuous plant or a portion of 
it is worked midcr a vacuum t(j bring the oils over at a lower 
teinpeiaturc. In all cases there is a considerable amount of 
heat carried away, first by the vapours passing off at in- 
creasing temperatuies, secondly by the hot molten pitch, and 
an economical continuous jjrocess must rely largely on a 
satisfactory recuperation of this heal. A gO(xl example of 
this is shown in the Ilird continuous process (Idg. dl, W. C. 
Holmes & Co., Iluddersfield). In this plant the tarfrom 
the store tank passes through four hcatcr-condenscis in 
succession, meeting in each case a gradually inci casing 
temperature from coils through which vapours from the stills 
aic passing. Owing to the somewhat lengthened contact 
the tar becomes heated sufficiently to give off vapours in 
these vessels, the vapoins uniting in a common collecting 
main aiifl being condensed in the water-cooled vessel K. A 
furthci cvcliange f)f heat occurs in the pitch cooler. . . . Here 
the pitch is cooled sufficiently to be discharged directly inU) 
the pitch bays, wliilst the incoming tar receives a further 
addition of heal. The tar, now alicady in a heated condition, 
passes through a series of liorizontal stills Dl, 2, fi, and -1, 
its course tliioiigh tlicse stills being lengthened hy baffles. 
The tar is lieated in the first three vessels by producer gas or 
coke oven gas, the burner tubes being embedded in the tar. 
'I'he tar is in shallow' laycis, nc^ portion of it Ijcing more 
than six inches from the son ice of heat, whilst the vapour 
sfiace above the tar is amply piopoi tioned. In the fourth 
vessel the products of combustion fiom the fiist three stills 
supply the heat, whilst the expulsion of the anthracene oil 
is assisted by steam injected at II. 'rhe vapours fiom 
each still pass through their corresponding hcatei-eondcnseis, 
and aie thus economically paiLt\’ cooled, the fund toii- 
densation being bioiight about in the w'ater-eooled \esscls 
Kl, 2, d, etc. The condensates pass thiough the vaiioiis 
seal boxes as shown to theii lespcctive store L.uiks, any foul 
gases being passed thtoiigh tlic puiifiei. It will he .seen that 
in certain specifications issued by the Road Hoard, one of the 
constituents specified is free cat bon, from winch it evidently 
is regarded as an impoitant facloi in the dm ability and 
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binding qualities of tar used in road making material. Its 
estimation may be made by dissolving out all the soluble 
constituents of the tar by means of .solvents such as benzol, 
carbon disulphide, pyiidine, xyhd, alcohol, aniline oil, etc. 

The authors have found an ordinary Soxhlct apparatus 
very suitable for the pin pose. Ten gm. of the tar to be 
tested are weighed off into an ordinaiy filter thimble, which is 
placed in the upper part of the Soxhlct : the fla.slc is half 
filled with benzol, and heat applied by means of a water bath 
on which the flask rests. The benzol is volatilised, and pa.sscs 
up into the higher portion of the apiiaratus through a side 
tube, where it condenses and drips into the thimble containing 
the tar. In lime the liquid reaches such a level in the ex- 
traction part as to siphon over again into the bottom flask, 
and the whole proce.ss is repeated. This should be allowed 
to go on until the liquid siphoning ovei is practically colour- 
less. Now substitute pyiidine for benzol in the lower flask 
and repeat the extraction. Additional heat will be lequired, 
and a bath of lin.sced oil is u.scd instead of water. After 
several pyridine e.xtractions substitute methylated spirit, and 
extract as picviously until colouiless. b'inall)' take out the 
filter thimble, dry in watci bath, and weigh. Instead of using 
the Soxhlct aiipaiatus, good icsults may be obtained by direct 
tieatmenl on an oidinaiy filler paper in a glass funnel, wasli- 
ing with hot benzol, oi xylol, p)'iidine, and alcohol in succes- 
sion, until the final washings aie colourless. Tlie autln)r.s 
have u.sed both methods with faiil)' concordant lesults. 

The specific giavity of tai laiie*! coiisitleiably, .md may 
be asceilained by means of an ordinaiy .specific giavit)* 
bottle, but this is a tedious and messy operation It c.iii he 
got much moie le.iddy, and uitli sufficient accuiac)' for 
practical pm poses, by means f)f a Twadtlell h)’di ometei. 
ICvcn then it is by no means eas\’ unless the tai is warmed (o 
make the tai more fluid. The authois fmtl that a Icmpma- 
tuie of I*’, is suitable, making an addition of I dcgiec 

Tw, for every K)'’ F. above (it)' 1*'. An illusliatioii of this 
hydrometei is .shown in Vol, I., also the manner m which 
degree.s Tw, are convcited into s[)ecific gravit}^ figures. 

A metal hydrometer (nickel plated copper or nickel .silver) 
is 'preferable to one made of glas.s, because of the rough usage 
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it is lial)k* to n'ccivt;. It lx; nnlt'd that the specific 

^pav'ity of a lar is ii(»t by itself a sufficieiU indication of the 
utility of the lar. 

\\h'lh rcj^ard to llu; viscosity of lar, the ortlinary methods 
of vi.sf'oinetry, wliieli (le(nMul chiedy on measuring the rale of 
(low of the iliiids (oils, etc.) ihroii^di an orifice of .standard 
.siz<;, are not suitable. An instrunH'iU very similar to a 
liydrometer is used, and its rate of penetration in the tar 
between definiU' points on the stem of the instrument is taken 
as a measure of tlie vi.scosity of the lar, and carefully manipU' 
latcd, pjvtis results suflicienlly accurate for practical pur[)OHe.s. 
Several tests should bo made, and the mean ro.siilt taken. 
'l'(;mperatme is a most important factor, and the lest should 
be made at oil" !•'. Naturally the viscosity decreases with 
lise in tempeiature, and vice vejsa. 
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TiiK temi "Benzol” as applied to coking practice is used 
in a rather indiscriminate manner, Certain definite chemical 
compounds, each with decided characteristics, enter into its 
composition, but in general we may look upon benzol as 
a mixture of compounds of the aromatic series of the general 
formula CuHa,,..,!, associated with certain irn purities. The 
compounds of importance in benzol arc: — 


Mum pindiicls 


/ Bcn/cnc — Boiling point, C. 

Toluene Cyl'L „ 110-0“ C. 

j Oi Lho^xyleiie ,, M2-0“ C. 

I MeLa-xylcnc C,,!-!,,, ,, ISy-O" C. 

Paia-xylene ,, 1,*18‘0“ C. 

Propyl'bcn/uiu: C,|II|_; „ 1()0'0“ C. 


/Carl)on disulphide CS^, 

Thiophene C,lIiS, 

Thiotolene CV^HijS. 

Paraffins C„I-C„ [ , 

Impuiilic'j / Ifiicnols C„Hj„ 

Pyridine fy-CN. 

Naphthaleiu* t 'kiPC 

C’lrcjsote oil, 

H'lnnatonc and othei jcsinoiis tnaUcis 


The general scheme of ben/ol lecov-ery may- be divided 
into the following headings — 

(( 7 ) ICxtuLction of a complex mixture of aiomatic hydro- 
carbons tind associated iinpuiities by'’ ticating the 
gas v'ith soK'onts of higher boiling iioint, 

(/-») Expulsion of this mix tine from the solvent by 
regulated licat treatment. 
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(<;) Preliminary fractionation into groups of compounds 
according to the respective boiling points. 

{(f) Chemical treatment of the various fractions. 

{(’) Redistillation and careful fractionation of the 
chemically treated products. 

With reference to the first heading, the crude products 
could he extracted by cooling the gas to a very low temijcra- 
ture whilst subjecting it to a high pressure, but owing to the 
relatively .small propoilion of bcn/ol vapours in the gas, and 
consecjuently the large volume of gas to be thus treated, 
Ihi.s proce.ss is too costly to work under ordinary eircum- 
.stances, and the method usually adopted is to scrub the gas 
with an ab.sorbeiit. 'I'he apparatus used may be of the tower 
type, rotary type, LCiUrifugal type, or iiiten.sive spray type, 
which have alre.idy been desciihed in the chapter dealing 
witli ammonia recovery. P'or absoipli<m purpo.ses blast 
fuinace creosote may be usctl, but whilst it has an advantage 
in being, fioc from naphthalene, there is a risk of the benzol 
(irodiiced being coiuaminatcd with paraffin compounds, an 
import, uU [)oint in benzol required for nitrating purpo.ses and 
aniline manufactme. 

The gicat majority of plants use .some fonn of coal tar 
oil as a sciiibbing .agent, creosote being generally piefencd. 
The ((u.'diLy of the oil use<l is of the highest iinporlanee, and 
pciiodical tests shoiikl be made to cnsiiie ,i lequisilc staiidaid 
lan'ng in.inilaineii. A good wash oil should be fiidd, fice fiom 
water, light oils, ,uid na[)hthalene as far as possible, and of 
.satisfactoiy distillation test and specific gravity. A good 
specification for a siiilahlo oil would be: — 

Sjiecific gravity: — I'O.'i to |•0i). Retort tc.sl with bulb of 
ihermoinetci in the lK]uid : — No distillate below 200' C., 70 lo 
00 per cent, between 200" and 300’ C. The distillate up to 
.‘UK)" on cooling to lO’ C should not show moie than 7 per 
emit, of solids. The writer would prefer a wash oil with a 
distillate up lo ,‘!00'' C. approaching the lower limit given, as 
this allows a ceitain pujportion of anlhiaccne oi "gioon" oil 
lo be introduced. This lends to bring about a cleaner 
sepal ation of the ciude benzol at a latei stage, whilst the 
vi.scosity of the oil, though theicb}' inci cased, docs not 
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seriously affect the working of the plant. As to the amount 
of wash oil circulated, figures of HO to 120 gals, of wash 
oil per ton of coal have been given, the writers’ experience 
being in favour of 00 gals, of oil circulated per ton of coal, 
the benzolized oil containing about 3 per cent, of crude 
benzol, A portion of the wash oil .should be removed from 
circulation fiom time to time and replaced by fresh oil, as 
the oil tends to thicken, with a decided deterioration in 
absorbing power. The wash oil is usually ciiculated through 
two or three scrubbers in series, and in the op[)osite direction 
to the flow of gas, the final gas being treated with the de~ 
benzolized cal, which thus absorbs the benzol in stages, and 
after circulating thiough the s)''stcm, passes to the distillation 
plant as benzolized oil. Tlie extraction of benztjl from the 
enriched oil depends mainly on the a{jp]icati<jn of heat, Tlius 
it could be readily driven off in a pot still by an open fire, 
and in fact a tar dchj'drating plant has been successful))^ 
used for this purpo.se. In dealing with the comparative!)^ 
large volume of benzolized oil ol')taincd at an avciage coke 
plant, a continuous process of distillation is [)tcrerrcd, enclo.s'cd 
and open steam being tlic heating agent in Lliis case. The 
hot debenzolized oil after satisfacLoi)’ cooling is reused in 
tlie scrubbci, thus completing the ciicuit. 'I'he lint benzol 
vapouis, excess of steam, and debenzolized oil cany aw'ay 
consideiable heat fiom the still piopei, and a modem plant 
aims at the recover)' of as much of this “spent” iieat as 
possible, tiMiisferring it by means of prelieateis to the incoming 
“ satin .itccl ” oil 'The piinciplc of (me t)’pc of iiuxlcin do- 
benzoli/.ing and rihsoiption plant is sliown in diagiain foi m 
in Mg -12 Whish oil is pumped from the scuiljbets to 
elex.ited slf)ie t.inks, from wheme it flows h)’ gt.ivil) tin (nigh 
tlie dcben/(jlizing si'stem. In tins t)'pe the oil is piehcalcd 
in three stages, fust b)' means (if htjt debenzolized oil in thi* 
lieatei A, second!)’ h)' hot benzol i.ipouis and excess steam 
in u, thirdl)’ by enclosed steam coils in the lieatcr c The oil, 
heated to about I id passes into the m.iin still n, toii- 
stiiictedon the [)rinci[)le of .in ammonia still, and p.issingovei 
SLicccs.sive tiays, is agitated thoioughly In’ steam admitted in 
the lowci pait, and the benzol is expelled This agitation witli 
open steam is necessary if we wish to stiip the oil satisf.ictoril)’. 
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but at the same lime the tendency for the more volatile 
products to cany forwaid a portion of the heavier oil is 
increased, and in addition to tiic lig^hter products an appreci- 
able proportion of creosote oil and naphthalene pass forward. 
Accordingly a fractionating column K is attached to restrict 
the passage of these mixed vapours, and b)' atmospheric 
cooling to selectively condense some of the higher boiling 
products. The ascending vapoins are made to bubble 
through the descending condensate, and the separation of 
the products is rendered more complete. The vapours 
leaving this column pass through the condenser heater li, 
and arc finally condensed in the watei -cooled cond en.se r (;. 
The mixture of water and crude benzol passes to the 
separator H, in which the water is siphoned off from the 
bottom, whilst the crude benzol is run off from the top to 
tiic store tank. Tlic hot dcbenzoll/ed oil from D passes 
thiough the pieheatcr A, and is finall}^ cooled by a watci- 
cooled sj'stem of pjping at L, passing thence U) tlie absoi'ption 
system. 

The above diagiam is given to show the general piinciple, 
hut the types of crude benzol plants in vogue vaiy consiclei- 
ai^iy as to tlic lelativc disposition of the scveial units. Thus 
in some cases, instead of an atmospherically cooled column K, 
a miiltituljular cooler is su[)ci imposed, cold bcnzoHzcd oil 
flowing round the outside of tlie tubes, and regulating the 
temperatuie of the vapoiiis jiassing thiougli. In some cases 
the incoming oil is prelicated b)' beji/ol vapouis only, whilst 
sometimes a separate ste.iin heater i.s dispensed with, in which 
case a stjinewliat laiger mam still is used vvitlr enclosed steam 
coils in some.' oi <dl of the tun’ sections ^\gain the jireheatei, 
condensei, and sepai.itoi may be supci imposed. It is im- 
poitant in the woiking of a ciude benzol plant lliat ammoni.i 
be satisfactoi ily removed befote tlie entry of the gas into the 
benzol scrublieis. If not com[)lctely removed, any w.itcr in 
the wash oil alisoilis the ammonia compounds which aie 
decompo.scd in the steam jirclieatei, the libeiatcrl acids 
attacking the heating coils, more especially if tlie latter are 
of wrought iion or steel. The wiitei has known casc.s in 
which cast-iion coils have been destroyed in a few weeks, 
a solid deposit in the heater indicating a corrosion due mainly 
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to tho formuLion of iron sul|)hklo. Tho uvil may be mitif»alecl 
Homewhat by bee[)iii^ the water content of the; oil at its 
lowest limit, a fmal heatin^f of the oil by a closed steam coil 
in cioso proximity to the open steam jets l)einf[ sometimes 
advantaj^eoiis in this respect. In all cases hcatin^^ coils 
should be arran^cal to permit of easy access for examination 
or removal. A perforated heatin}.^ coil fp'vos rise to a sudden 
incre.ise in the amount of open steam, with a conse(|ucnt 
primiiit^ of the still, or a sudden reduction in the distillation 
test indicatiii},' a hi{.|her proportion of heavier products carried 
over median ically, If not remedied immediately, there i.s 
a risk of water passinj,'' into the oil, and the corrosion would 
1)0 iiUcnsifietl, At some works crude ben/.nl only is pro- 
duced, and to avoid carriage by rail of an undue proportion 
of wash oil in the benzol, a distillation test is usually stipulated, 
a very common specification requiring a distillate of Ofi per 
cent, when heated in a retort to IliO” C. If the crude product 
is to be worked up at the coke plant, this test is not necessary, 
and il Is usually an advantage to work the crude benzol 
plant to give a benzol of lower distillation test, often as low 
as no per cent, at 120" G. 'I'he after-treatment of the crude 
benzol is dependent on the class of products .sought. In a 
few ca.ses It Is split up into products each of certain range 
of distillation, but without chemical treatment. More 
commonly it is rectified by distillation and chemical ticat- 
meiit, and split up into products in which benzene, toluene, 
and xylene predominate respectively, These semi-pure 
products in other ca.ses are further chemically treated and 
fiactionally distilled to form products more or less approxi- 
mately to the (lennitc chemical cfimpounds : benzene, Q,Hfl ; 
toluene, G', II„; xylene, etc. The majon’t)' of benzol 

l)lants aim at the pioduction of products of tlic following 
designation and distillation lest : — 

1)0 [)ci ccnl. hon/ol - DO pci cenl. disUllingovci between HO' and 100’ (,'. 
DO [X't r(‘iU. toluol - DO ,, ,, „ 100 and 120 (. 

Solvent napiulia -DO ,, ,, „ 1 25° and 1 00^ C. 

1 Icavy naphtha -DO ,, ,, „ 150’ and 190 C-. 

The above may be "washed” or “unwashed” products, 
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but usually the former, Before the war the following 
specification was also in vogue : — 

00-90 percent, benzol -50 per cent, at 100" C., 90 per cent, at 120“ C. 

And occasionally pure products were sought of specifications 
more or less appioximalcly to : — 

Pure bcn/enc - 90 per cent, distilling over within -8" C. (now witliin 0“). 

Pure toluene - 95 „ „ „ «8“ C. ( „ 5"). 

Pure xylene - 96 „ „ „ 3 to 4'5“ C. 

The above tests are made on a retort with the thermometer 

immersed in the liquid about three-eighths of an inch from 
the bottom (see later). The following tests arc conducted in 
distillation flashs with side outlet, the bulb of the thermometer 
being in the path of the vapour just below the side tube, and 
aic in accordance with requirements under present conditions. 

Standard benzol - - At least 95 per cent, at 90“ (f. 

Toluol - - - 90 pei cent, between 100" and 117° C. 

Solvent naphtha - - 90 „ ,, 130“ and 1(50“ (’, 

The first stage in the ticatmcnt of the ciudc benzol consists 
of a preliminary distillation, the main object being to separate 
the bulk of the wash oil and napluhalene. 'flic whole of tlie 
more volatile products may be “blown over" in a [Jieliminaiy 
still into one collecting Lank, and the Idown-ovei piodiicl, 
consisting of a mixture of benzol, toUuiI, and solvent n<iphLha, 
aftci wards treated with sulpluuic acid and caustic .soda 
in a special w.islici. The w.ished pioduct may then he 
fi actionrited into tlic ies[)cctive washed piodiuts, benzol, 
toluol, etc. 'rhe moie common pi.ictice is to excici.se a 
ceitain degree of fi .ictionation in the blowing o\’ei st.ige, 
splitting 11 [1 the ciiide benzol into unwashed 0(1 per cent, 
benzol, toluol, anti solvent naphtha fracLit)ns, etc. 'J'hcse 
pi od nets aie tlicn separatel)’ washed, and since the piopoi- 
tituis of w'ashing media v<uy considerably for these fiactious, 
moic efficient and economical washing is obt. lined. 'fhe 
washed protlucts aic tlien icdistilletl with a moic or less 
severe fractionation accotding to Llie sjiccincation aimed at. 

The genet al scheme of a benzol rectification [ilant is 
shown in Fig. 43, The still a is chaiged with crude benzol 
from the tanks 1 and 2, and is gradually heated by dry steam 
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at C, passing through a series of tubes adapted for easy 
removal in ease of repairs, etc,, the pressure being maintained 
by a steam trap. The first vapours expelled from the crude 
benzol contain a high proportion of caibon disulphide, and 
rise through the fractionating column E and the deph leg- 
mating section F, The latter section consists of a multi- 
tubulai cooler, water passing round the outside of a series 
of tubes, the benzol vapour.s, etc., lising upwards thiough the 
tul:)cs. By regulating the flow of the cooling water a partial 
condensation of the vapours is brought about, only the most 
volatile compounds being allowed to pass. The vapouis 
passing the .section F arc completely condensed in a condenser 
(j passing through a visible overflow arrangement to any 
desired stoie tank 3, 4, or 5. In most eases the "fiist runnings’* 
arc isolated to reduce the pioportion of carbon disulphide in 
the “ blown-over ” benzol. The products of higher boiling 
point selectively condensed in !■' pass l^ack into the column 
and in their descent scrul3 out of the ascending mixture 
of vapouis a considerable j^ioportion of the particles of 
high Cl boiling liquids carried forward mechanically. In due 
com sc the fii'sL uinnings aic expelled, and the tcmpcratinc of 
the still is .illowed to I'isc, the pioducts now coining away 
containing a large pioportion of ben /one, and giving on 
condensation an unwashed product in Lank 8 suitable foi 
working up into washed 90 [ler cent, benzol. W'lien a <lis- 
tillation test of the condensate fioin CJ gives the necc.ssaiy 
indication the temperatnie of the .still is allowed to rise still 
fiirthei , tile t|iiantlty of watci flouing thioiigh F being at the 
same Lime checked so as to allow the tcmper.iture to lise, 
permitting the passage of highei hoilmg pioducts. 'riie.sc 
on condensation give a liijuul in which toluene [iiedoininalcs, 
and which is then dii'ctted to the t.ink i for snbsecjuent 
worldng up into washed 00 [lei cent, toluol. Similai 1)' a 
na[)liLha fraction is next dri\‘en off, but in this case the 
tempeiaturc of the enclosed steam is not high enoiigli, anti 
open steam is aclmittctl, the mechanical action assisting in 
the expuksion of the naphthas. Occasionally the stilt ks 
woikcd under a vacuum. Simultaneously the water is- cut 
off eiUiicIy from F, and the condensed product passes to 5, 
to be woikcd up later to solvent and heavy naphtha. After 
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•V lillh; cXjR'i'k'ncc; with any iJurlicnlar make <)f crude benzol 
a ffood indication of the ihangc-over points for these respec- 
tive prodiicth may l)i‘ obtained I)y allow'inj,^ a certain volume 
of each product to cumc over iK'fore (:hanj,iinp on to the next 
lra»'lion, 'I'lu’ ri'sidia; left in the still consists mainly of 
naphlhahsie and w.cili f)il, and is run to a coolin{.‘* tank N in 
\vhl<‘h, a(l(‘r coolinp, naphthalene istleposiled and removed by 
liltiation, the clear oil passinp, lo the wash oil store tanks, 
'riu’ ciude piodiK l.‘i ill h, •), oi 5 are indiv'idually pumped to 
the w.e.hei II by naMre. o( the pmn[) 1 *. The washer consists 
of a lead-lined c)'lin<k‘i fitted willi an ajp’tatinp; <levice. Here 
the jiiodiicl is washeil b)* sulphuric acid, water, caustic soda, 
<*t« . ryiidme b,is<“, combiiu* with the sulphuric acid, whilst 
pheiio|i< bodie^'., (defines am I unsatuiated hydrcjcarbons form 
w'ilh tile a( id (hick lesinous sul)stanc:es which sink to the 
bottom. A portion of the thiophene is also removed. 'I'he 
dination of the apitalion pcs'iod, amount of acid and soda 
usi'd, numlu'i 111 w.isliinp/., etc., varies considerably with the 
(|uality u( the crude products, scarcely two plants workiiyi^ 
undei simil.u (onditions. The; followiiij( may, Iiowever, be 
i;i\(m as an ,ipproximal(.‘ {.piide : — 

I. Wash oiM’ hour with *1 per cent, by weight of 
siilphiiiic acid, IfiH " d'w. 

*J. Kestone houi, and run offaciM. 

Wash one hoiit with .‘I per cent. sulpluni(' at id 
.as a 1)1 )Ve. 

I. Rest one hour and run off at id iOicfitlly. 

ft. (Jeiilly wash the sides of the washei with watci 
without .agitation, and iim off 

I) Wash with watei twenty minutes with gentle 
a{pt.ilit)n, and inn off .iftta one hoiii’s lest 
W.ish with I ()i‘i eeiil, t.uistit sotl.i, lO" I’w . hall 
an liout. 

.X Rest t)ii(“ holli , 1 un off 

U. Wash with walei as Ix'foie. 

'I’lie waslu'i is fitted with a conic, d shaped bottom to allow 
I lie at iifelt ., to bt* sepai.ited to the last (hop. '1 he thick spent 
acid IS (ollecled in lank I, in which it is agitated by live 
stc.mi. 'I'liis hiings about a se])aratiun of the li)’diocaibons, 
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partly by evaporation and partly by coagulation into a scum 
which may be removed in J by filtiation, the filtered acid in 
some eases being used in the sulphate house. The washed 
products arc conducted to the final rectifying .still I5, the 
treatment there being' on lines similar to those obtaining 
in the piimary still A. 

The fractionation, however, is more dra.stic, a taller column 
being used, as well as a separate and larger dephlegmator 
K. The still is worked more carefully, especially in the 
vicinity of the change-over points. The washed products 
pass into tanks 9, 10 and 11 as washed 90 pci cent, benzol, 
90 per cent, toluol, 90 per cent, solvent naphtha, etc., and 
from thence, aftei a certain amount of mixing, if necessary, 




l‘i<. 1(5, .Sc('( loll 111 l''i.ic( 11 ) 11 . 1 ( 111 ).^ 1 i(. 47 — Si’Llion of i'l.K liDii.iliii); 

('oliiinn. C'ohiniii 

to meet the leciiiiied specificiilion, aio conducted to tlic tank 
wagon ,\(. Tank 0 icprcseiUs one or more rcseivc- tanks to 
facilitate the leuoiking up of doubtful pioducls due to 
pi immg, etc. 

If pine piodutl'i (boiling within t'., tlcj <ni' deMted, 
nuite piolonged .icid wasliing is nctessai)', and .i fnitliei 
ledislillation, gieatcr cai(' being exercised m controlling the 
temperature and rate o( flistillation. 'I'he fiacliuiuiLing 
columns used in connection with ben/ol lecoveiy aic usually 
of the peifijiatefl plate t\’pe ( h'lg -111), or of the bubbling luiod 
type fh’ig 17) I'he pl.itc t}'pe consists of .i seiiesof peiforated 
plates as shown, dip-pipes and cups being (itted ttJ allow 
the condcnseil liepuds to flcjw back to the still The dip-pipes 
are fixed so as to maint.iin a ccitain deptli of lujuid on each 
plate, and the ascending gases aic w'ell distiibutcd by the 
perforations in the plates. 
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The l)iil)l)lc type is dcsi^pjcd oil the lines of an ammonia 
still, and may he readily uiulcrslood from the drawint*. 

'I'lic dt'plilcfriiialor or analyser may be of the vertical 
multitiibular type, as already deserilied, in some cases having 
water outlets at different levels to assist in conti oiling the 
tt'inperature. 

Another type of anal)'si'r consists of a series of enlarge- 
ments iif th<‘ vapoui pipe fitlisl hori/.ontally in a water-cooled 
taiih. \V*iler enters and Hows through th(‘ apparatus in the 
opposite dneelion to tin- vapour, so that the vapours farthest 
from tile siill ait* in contact with the coldest water. Any 
liipiids condensing in these enlargements are run bark into 
tin; column at different levels, tlie first condensate being 
admitted nearer lh(' base of the column, the last condensate, 
consisting of moie vohitile jirodutts, re-entering the column 
iK'aier the lop. 

In the pn )Cc*ss(*s of rectification descrilied an intermittent 
principh* is adopted, hut in the discussion on a papea' dealing 
with bc*n/ol r(‘c tification ’ ,i dc*scri[jtion of the continuous 
incdhod of the ('oke Oven Construction ('o. is given. The 
Solv.iy coluiiin used consists of a number of superimposed 
< oinp.irtmeiUs containing hoods immersed a fair depth in 
the li<|iiid. Oil is feci continuously into a compartment near 
llu’ loj) ol the column .ind passes downw.uds, steam admitted 
at till' holloin bubbling thioiigh the scveial Ixitlis of liquid 
in the vaiiou.s ( ompai tmeiUs. 'hhe volume of liquid in the 
column and tln' (pianlit)' of k'cd aie cousideiable enough to 
minimise any variations in the i.ile, tcmpeiaturc, oi boiling 
point of the fi'cd, and the icsults gcticially aie less dependent 
on the skdl of the operator. The gic.itei depth of lupnd 
in each tiay bungs .dK)nl .i moie {‘ffcctuc fi.iction.ilion To 
obt.iin two liM< lions one loUiinn may be inoimlcal on top 
of .inolhei, the continuous fc'cd then passing thiough both, 
.111(1 ihc fi.iclion.ilcd vaptiiiis fiom each column being 
.epaiatell dealt with 'The c.ipacil)’ of a column may be 
iiu leased by adding inoie compai Imcnts, u hdsL low boding 
im[niiilK‘s ina)' be climinalod by isol.iling the vapoins ftom 

‘“’I lie l\c( util alioii ol llon/ol,” W Newton Dicw, MidUuul Inst. 
o( Mining, Civil, an<l Mts h. Kng. 
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several of the top compartments of the 90 per cent, benzol 
column. 

The laboratory work in connection with a benzol plant 
is highly important. In the first place, the wash oil should 
be periodically examined and the efficiency of the scrubbers 
ascertained. The latter prc.scnts a certain amount of difficulty, 
a.s the volume of benzol vapours, etc., prc.se nt in the gas 
is a very small proportion of the total (often not more than 
1 per cent.). The total amount of benzol iccovcrable may 
be estimated by utilising a creosote absorption system on 
a small scale. Thus immediately before enteilug the benzol 
scrubbcis a measured volume of the gas should be passed 
through a train of wash bottles, sufficient gas being dealt 
with to give a quantity of benzol large enough to be able 
to establish its identity by a subscejuent distillation test. 
On an avciage about 50 cub. ft. of gas will be required. 
The train of washing a[>paratus consists of a preliminary 
bottle containing dihiLc sulphuric acid to remove ammonia, 
followed by four wash IiolUes each containing [)rcparcd 
creosote, glass beads also being introduced to increase the 
contact surface. The cieosote used should be quite fluid, 
free from miphth.ilene, and should he [neviously distillctl 
uj) to C'., lejecLing the distill. ite. 'I'he i.'ilc of flow 

of the gas should he kept as unifoim as [jussihle, divuied 
ovei a jienod of, say, foity-eight hoiiis. The total amount 
of cicosoLe used would be about littes, <uul sliould he 
changed about evei)' eigl\t hoiiis, appioxnnately iUt), iOt), 5.5, 
and ()5 c.c bi’ing put in the iespt“cti\e bottles cacii time. 
We thus ohttiin 2 lities of a ben/oli/ed oil, and for a eom[)lcle 
test this must he subjected to a distillation to tiOt) (’ (in 
seveial portiems iC the appauitus is not laige enough), 'i'he 
distillates aic totalled and can now' be tusitcd in one llask, 
distilling ii[) to 150 C. 'I'lie pioducL coming over up to 
this tcm[3ciatui'e is carefully measured, and then subjected 
to the usual crude l^ienzol Lest, the volume then being coi icclctl 
to its equivalent of ben/ol, testing (i,5 pci emit at 120 C. 
'I'he above pioccss is somewiiat tedious, atul is only used 
occasionally to test the efficiency of the plant. For com- 
parative piiipo.scs much smallci quantities are used, and though 
not as reliable, SCI VC to indicate any .seiious drop in efficiency. 
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'I'l-'il*. iHiij' In* « oiidui'lcd <Mt lilt: {iii'ics uflcr thu benzol 
*•( iul>li(*i<i, hill ln'n* llu* dinit ifll)' is ennihasiMsI tiwinj*' to the 
•dill smaller i)r«»|H»i linn tiflH'iiznl. In Ihis <use llu; uminmlof 
heii/til ifi nvfifti i*. Inn 'aiiall Itt l»i* u:lial)ly ideiilified, and the 
U*!‘t malrv I'.utKl t oiulilitm:' tail only Ik*, lonsitleivd compara- 

livt* of daily r(‘4ull.s a I any 
mu* (ilaiil, and coii.so<jni*nlly 
all tin* tlclails t»f working, 
sut'h as rail* nf How of ffas, 
naliiie and tjiiantily of ab> 
sorliiiij; oil, niclliod and rale 
of distil la I Ion, etc., .should he 
Kept on a uni form sy.slem. 

(’rude benzol is {'eneially 
tested in an ortlinary 8 oz. 
ii’loil, llu; hull) of Uie iher- 
monieter heinj,;’ fixed about 
;[ of an inch Ironi llie hollom. 
A naivenieiU anaiigeincnl of 
<({>dillii4', llask .ukI conden.ser, 
eU , t'ivin^f similar lesulls as 
used hy tlu* <iulhors, is shown 
Ml I''i},;. -HI. Occasionally it 
is tlcsiied lo ascertain the 
pnihahle yu’Id of semi-pure 
and puie piodiulsfrom criulo 
hen/ol- W'hilst lrd)oialoi\’ 
tnc'lliods usu.dly deal witli 
tpiaiuitics lalhci .small for 
(Dinpaiison with results on a 
iiuuxulactiu m^ scale, a ^onci al 
idea of die \ ield and ir.Uuie 
luudiuls may he (.htaiiied. 'I he authois have found 
illciwiii" IOC (hod niO'l <on\xaiicnl lot dial puiposc*. 

Mud'e h■•u.'ol I. tiislillcti III .1 Hash wilh a McK-outld 
Iin •'(Id (’..mil llu lesidiie iiuseaiied and i hissed as wasii 
.ah ii.ij.hlluh ue. . (. I III de.tillale is then u a du d u i(h slioiu: 

•adplm I id thoe times, uatei luu c, < auslu soda oiux-, am 

m,.dh'NMlh\saUi t^M-e Ad.i sepaiationol uatci the washed 
l.v sus,,eM.litn: a lull. <al<ium (Idoiidc.aml 


An 


S 

lit 


I |i I'.i Hi ii/m| ] K .llllllli; 

m 1 die 
I lie |i ' 
d he 


' • 1 _ 
Alii’iii'U'i 


BENZOL 


97 


removing the same when the beii/col clears. The washed and 
dried product is then transfer! cd to a distillation flask, in this 
case fitted with an adapter consisting of a glass tube about 
8 in. long, I of an in. in diameter, and fitted with a simple 
bulb about in. diameter. Near the top of this ada[Her an 
outlet tube is fitted and connected to a suitable condcnsei, 
fixed vertically for convenience. A theimomctcr is intro- 
duced witli the bulb half an inch below the side outlet. With 
an adapter of this dcsciiption a slight fractionation of the 
vapour occuis, giving pioducts which coiicspond fairly satis- 
factorily with yields on a works scale. The distillates at 1 00'", 
120°, 1 OO" aie collected, measured, and classed as 00 {)er cent 
benzol, 00 pci cent, toluol and sohent naphtha respectively, 
the residue in the flask being considered as heavy naphtha. 
Details of an actual test aie given below: — -100 c.c, crude 
benzol (testing 05 per cent, at 120' C.) distilled in tu’o lot.s to 
200 ’ C. 

Distil late = .‘118 c.c. 

Residue = .58 r.c.^ Cieosote, etc. ==13 pci cent. 

.‘M8 c.c. washed with acid, soda, etc , gave 290 c.c. w’ashed 
product. Loss on washing, 58 c.c , oi 115 [ici cent, on the 
original sample. 

290 c.c. distilled in two IcRs ga\o ; — 

Up U) lOO" C, ~ 810 I'.c., oi 51 pci rent, on otiginal sample. 

100“ to 180" C. - 12 c.c, oi lO'O „ 

180" to HUr ('. - 81 (' I'., 01 0 0 „ 

Residue - - 8 (’.( ()i 8'0 ,, ,, ,, 

'I'he fm.il an.ilysis thus reads , — 

90 pel cent, hen/ol 
90 ,, toluol 

Solvent n.ipluha 
Heavy n<i[>litlia 
('leosote, etc. - 
boss on washing 

It IS an advantage tr) curi}' out a few' disLillaliun tests 
to sccuie sufficient of each fraction to test in compaiison with 
well recognised pioducts. Thus the scvcial curves may be 

7 


.5 I '() [jei rent. 

■ 10*5 „ 

()’0 „ 

2 0 „ 

■ l.'S-O ,. 

■ 11-5 „ 
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t'omparocl with those shown in HO, which rcproscnl 
distillation curves of washed !)() per cent, hen/ol, HO per cent, 
henz(d, 01) per cent, toluol, and solvent naphtha. The 
products from the (juantitalive tests .should a^jrce fairly well 
with these curves, 

'I’d estimate the proportion of pure product, a more 


TEHPEIlATURE - OEHT,* 



TtO, - Dislillatiun Ciuvos of llcn/ol, ftr. 

I'laborale procediiie is lU'cessaiy, aial aflri seveial tii.ds with 
methods advoc'.iled liy vaiious ohsc'iveis, the wiitei h.is 
found an .ulapl<i(ion o( the sthi'me desetihed by h'dw.irds' 
U'l’ll suited for this jaii posts Details of a test earned out 
by llic waiter on these piinciples au' ^ivon below — 

100 c.c. (Hide ben/(d (fiom the same store lank as the 

' "’I'lu; Esiiin.mon o( rK'H/t'iw iind'l’olucne in Comincicial Mixtuics," 
A ICdwaitis, }ou> th !>/ Sth Chtut. huf,^ S.'), 10, •''iH?. 
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previous test) were distilled in i 
a 12 bulb Young column up to a 

Distillate - 

Residue - - - - GO c.c. (11). 

(A) Redistilled in same apparatu-s to 14D" (1. 

Distillate - - - - 314 c.c. (C). 

Residue - - - - 2G c.c. (D). 

(C) 1. Washed three Limes with sulphuric acid (I’tH), using 
3 per cent, by volume each time, and shaking foi 
two, five, and five minutes lespectively. 

2. Gently washed with water. 

.‘1, Washed with caustic soda and water. 

‘I, Dried with calcium chloiide. 

(15) Result— 21)0 c.c, washed and dried pioduct. 

I.oss — 21 cc., 01 n per cent, on oiiginal sample. 

(E) I'^raclionated in same ap[)aialiis : — 


1 , Up U) Mo" C'. 

- 1 ^M c.c. 

2. Mfi" to DG" - 

h7 e c. 

3. UG" to 11 0-7' 

2() e.c. 

1, 11 0'7° to I 25" 

2G e.t 

o, Residue 

- 1 .'1 c c 


1. Refiactionaled to MO 2" ga\e 3.’1 <'.r. “ luist iiinnitigs,” On t .r. 

to No. 2, 

.‘1. Refiac'tionated to 110 7' g.ue IG c.c. t{j No. J, 11 <‘ <’ to 
No. 0 . 

1. I'lchacHionatcd to 110 7’ gave II c to No. 2, 12 c'.c to 
No. r, 

Nf) 2 and No. f) not icfi'actioiiatcd, but an g men led b)' the 
above distillates and residiu’s, giving ' — 

3.3 c.c. - Mtst 1 untiiiigs. 

221 c.c. — No. 2, eonsisling of a misture of ben/ciu' and toluene. 

3G c.c.— -No. fi, (onsi sting of a mi\lme of toluene and xylene 

'I'he proportion (jf ben/c*ne and toluene in No. 2 is found 
by asceilaining the boiling [)oinl of the mivtiirc in a boiling 
point apparatus fitted with a lellux condcnsci as shown in 
the original p-qiei. This will range between 80'2' and 
llO'T" C., the boiling points of ben/ene and toluene rc.spec- 
tivcly. Eiom the boiling point of the No. 2 fi action, which 
was found to bo 82'U'^ C,, the piopoitioius were read off from 




'^\TUIE p/?' 


or 





.wo lot.s fir^nl^dc^fitlecl with 
. tcmpeiaturNi^^j('(yQ^-|^QVx^^^ 

- 3‘lOc.trCA 
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a curve! coiislniclcd fniin dula in the p!ii)cr, showin[r 84 per 
cent, benzene and 10 per cent, tnluene, or calculated on the 
volunic of tile [nlxlure ( 2 L!I c.c.), a proportion of I 85 ‘G c.c. 
ben/ene and 80*4 c.c. loliuMie. On .similar line.s No. 5 ^nwe 
Ud'H c.c, toluene and D'H c.c. xylene. The.se two ic.sults, 
l<tlalle<l, p.ave the following, analysis:-- 

e.e. I'li.sl runnings, or 8'‘.{ per cent, on original. 

IHn-a ( lli'M/ene, or I Tel pet eenU on original. 

(JbUc.e. Toluene, ot I ref) „ ,, 

DT) e.e. .\ylenc, 01 8 •! „ ,, 

’Hu: two lesidues B and I) were totalled and distilled to 
100 " (^, giving .‘II C.c. naphthas, or 8 '.“) per cent., and .''•2 c.c. 
ercJisoU’, or l.’I'O pei cent., on original sample, 'I’he final 
analysis would thus he gi\’('n as -- 


l''iisl luimings 

H 2 

per rent. 

Hen/cne 

It; -'I 

M 

'roluene 

rr.“) 

1 » 

.Xylene 

‘i'l 

n 

.Solv<‘nl and Insiv) na[)lulia 

.Ss") 


( 'leosolr oil 


1 > 

boss on w’ashing - 

(’>•0 
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pin[)os<*s. I'lohahly llu' best method depends upon the 
loim.ilion of potassium xanlhate by the interaction of the 
eaibon <lisulphide and alcoholic potassium hydroxide. 'The 
I xanlhate may then be dealt with in several ways— 

(/f) Titration, aflei solution in water and acidifying, with 
I a standard solution of copper sulphate. 

{h) Addition of an excess of copper sulphate to an 
acidified a<|ueou.s sfihilion of the .\anthatt\ filti.i 
li(»n, washing, and ignition of the piccipitatt'd 
xanlhalt' to ciipiic oxide, which is weighed. 

' • {( ) ’I'he acineoiis solulmn tiealed with potassium liy- 

^ dio.xide aiul hi online, hj’ which means all the 

snl|)hiii is oxidised to sulphate. This is piecipl- 
taled ill the foiin of baiuim sulpliate by adding 
an excess of barium chloride to the acidified 
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solution, The BaSO,j is filtered off, washed, 
ignited, and weighed as such. The reaction which 
lakes place in the formation of the xanthate is as 
follows — 

CS., + CoHJ-IO + KHO = KC.3I-L.COS2 -t- IIoO. 

Tlie alcoholic potassium hydroxide is made by dissolving 
11 gm. of potassium hydi oxide in 90 gm, of absolute alcohol. 
The standard solution of copper sulphate contains 12'475 gm. 
of the crystals dissolved in distilled water and made up to a 
v'olumc of 1 litre. , 

1 c.c. of this solution is equivalent to ’0070 gm. of carbon 
disulphide. 

In making a test, HO gm. of benzol arc mixed with an 
equal weight of the alcoholic potassium hydroxide. The 
mixture is allowed to leact for several houis with occasional 
shaking. The xanthate will separate in the form of yellow 
needles. These arc dissolved out by shaking with water in 
a separating funnel several times, the aqueous extracts thus 
obtained being used for the copper titiation, after being 
acidified with acetic acid. 

If the gravimctiic method (/>) is adopted the aqueous 
cxtiact of the xanthate is acidified with acetic acid, and an 
excess of copper sulphate adtled, the piecipitaled cupiic 
xanthate, CuC,I'L,(CO)S 3 , being filtered off, etc., and weighed 
finally as cupric oxide, with the usual piccautions. 

The amount of carbon disulphide in 90 i)cr cent, benzol 
a VC 1 ages from 1 to 2 per cent 

Since othci sulphui compounds aic usually picscnt in 
benzol, in addiLion to carbnii disulphide, it is sometimes 
flcsirable to determine the total sulphui. In doing this the 
general principle is t(j bum a weiglicd ([uantity of the benzol 
in a small lamp, with an ample <ui supply. In burning, lh<* 
.sulphur compounds become convcilcd into sulphur dioxide. 
This may be dealt with in scvcial ways: — 

(a) Absorption in acid 01 in alkaline solutions of 
bromine, whereby the sulphui is further oxidised 
to sulphate, and is finally weighed as barium 
sulphate, after piecipitation with an excess of 
barium chloride. 
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Un Ah'iorplioi) in an {iinninniaral alniosphorc, with 

final ox id a I ion lo sulphate 
(•iUH*r l>y hrominc water or 
a lillle liy<lr()j.>i'n |K*roxide, also 
(Inally w('ij.>hin{( as barium 
siil|)hulc. The ammonia may 
l)i‘ supplli’d by placing a few 
pici'cs of ammonium carbonate 
round the bin nor. 

In any rasr, I ho comlnistion of 
tin* oil must not be loo raj)id. A 
v('i>’ .small llatne is i'<i<|U hod, and the 
pitKoss u.sually extends over several 
hours, A <onvem’ent l\’pi5 of a[)|)ar- 
iiUis for this purpose is shown in 
b'i};- *'1. In lesliti}* for thiophene 
(l',II,Sj, o.c. bi*n/ol are agitated 
with 0 . 0 . of a moiourial .solution, 
oonsi.slinj.; of I gm. ilgO dissolved 
in I o.i . oonoenlialed sul[>huric acid, 
aiul dilulo<l to liH o.c. 

'I’he mi.xtiuo is lh{*n healed on 
,i boiling water bath for one hour, 
it is tin'll oooh’d and fdleied, the 
pii'(ipilale w.ished with hot water, 
, and wi’ighed. 
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CHAPTER IX 


SURPLUS POWER, ETC. 

A CONSIDERADLIC amount of energy may be dciivccl from a 
modem coke plant, and even after deducting the icquirements 
of the plant itself in tlie form of power to drive the dis- 
integratois, lams, charges, exhausteis, etc,, and in the form 
of steam foi the siilpliate plant, ben/ol plant, etc., there is, 
as a rule, a suiplus for external piirposc.s. According to the 
ly|)c of oven, this energy may be derived fiom waste heat, 
surplus gas, or from a combination of the two. In the case 
of a waste heat oven the bulk of the powei must necessarily 
be deiived fioin steam, a relativel)' small propoition of the 
powei being obtained fiom suipliis gas. In utilising the 
waste heat the cffideiK)' of the (rr) boilei phmt and {h) jiowei 
plant is in many ca^-cs influenced by fictors independent of 
the working of the coke plant. "J'lie type of boiler, jiiiine 
mover, (juality of water, etc, exeicise effects which may be 
look’ed U[)on as a constant, C'oiisidei.ible imjirovemeiit has 
been cTfeclcd in iccent ye.u s by ic'plating coinpouiul engines 
and inefficient boilers with steam tin bines, multitubulai boilois, 
water softening plants, etc., and still moie lecently the tians- 
mission of lieat from the spent pioducls of combustion to the 
water has received < onsiderable attention with beneficial 
results. Wheieas <iL one Lime a u’geneiative oven producing 
power by means of internal combustion engines had an 
advantage over a w.iste heat pl.int using steam for this 
purpose, dcvelo|)meiUs in the generation and utilisation of 
steam have sijineu h<it IcN'ellcd up the compaiison, <md tlieie 
is little to choose bctw'een th(' two schemes at the piescnl 
moment. Seeing that an a[)piec'iable amount ol steam is 
lequired in the by-piodiicL section, many designers [iiefer to 
use .steam also for powei production to secuie unifotm 
woikingofthe plant in geneial, the surplus gas being burnt 

10 ,! 
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type of coke oven an entirely different set of ciicumstanccs 
arises, ]^’irsl the absence of available waste heat renders the 
use of steam engines as prime movers optional, giving a choice 
of three systems of utilising the suiplus gas, as : — 

(a) Lighting. 

(/}) Power fiom internal combustion engines. 

(c.) Power from steam. 

With regard to the first method, the composition of tlic 



A CAt.ORIPIC \/AL(fC 
B CANDLC po\.\/e:n 
C % HeTHANe 
D % H rOROGCN 
E /. /LLUM/NANTS 

Kill. ,')7. — iti ( \>in|)osiliuii of I'oKl (Jveii (las. 


gas fi(Mn .my individu.d oven vaiics coiisidoiably fioin the 
beginning to the end (jf a chaige. h'ig. .")7 sliows the gr.idiial 
change in Cf)mposilion, .md it will be seen that the gas fiom 
the fiist half of the coking peiiod is much richei than that 
from the second half, and by taking the lich gas thiough 
sepal ate mains and by-product plant there would be little 
difficulty in supplying gas to meet the tequired .standaid, but 
in the writer's opinion a modern coke plant in a lea.sonablc 
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M.Ur m( cniild j>in(luc<* an avtMvijjd j|as suilal)lo for the 

(undUiun-) nl’j'-i'* liU(*ly U) ohlaiu in the future. lu 

.iihlilinii, llif I'iuiinval of ln‘ii/nl alKiiil an aj)jjrcclable 

I iiiniiMitinti ill ihf iniiicnl n!' (ailion hijailphtile in the gas. 
.Siiiif Ihr m.iiipi il of iiiw-ii'. ill lliis ouiiitry have already 
[U'l'il (il.uil'.. the I'teM fur lighting with enke oven gas 
.i|>|Hai 1 lti ht‘ i‘oiiriMed to re|ilaelnj; a porlicui only of tiio gas 
iiiiU' lieiiig in, tile at any iialiviihial g.is woiK's, aiul the writer 
•aiggo'.l', (hat llie [tiiiifieution aiul (lislrilailion of llie gas 
•■htnih) he leli 1(1 the gas works as [)art of their g.eneral sehemc 
in lh.it le'.peel, Some ( oke o\'en ei'eeliiig fii ins (Koppt'r.s, Simon 
t'.iive'., ()tlo, e(( } have [latented means whereby the ovens 
Ilia)' he he.ilcil li)' prodiieer g.ei if desired, in this case tltc 
whole i>( the ('oke oven g.is is available for lighting and otlier 
pmpo'a *'. whil'.t the piialiuei may hi* g.enerated from an 
inleiioi Inel, mi hilling .e. mk h the voice hree/.e of llic plant. 
The de .igpi o( the (hu". i>. mollified to admit a greater propor- 
tion i'( g.ei to ail t I to I as agminsL I to a with coke oven gas), 
.aid loe.m*' .lie |iio\'idi’d foi pri’lieating the [ji odiicer g'as in 
ihe lei'ciieiative system as w<‘l) as the air, 

III ,i few insl. lines in eon n eel ion with ovens attached to 
in 111 .iiid ‘.h’t'l pi. Ill is, lilasl fiirnaei* gas lias been introduced 
into theo\(n (liu's nilli success, incie.ising the amount of coke 
o\‘cn g.e. lU’.iilal >le ioi le.i' in llie stisd works, smelting ami 
lif.ilmi' (ill M.n es, et( H .m outlet for surplus gas for lighting 
ui In .iliiii; piii’pii'.es is noi .oMdalile, tbtm tin' g.is must be used 


III] ibi poidiii iinii o| pouei b) me.ms of g.is oi sU'.im engines 
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e\)i(ii'U(e 111 sti ,011 pi, nils lb, Ml in ';.i , eiigiin pl.iiifs, ultilsl 
,1„ I, the last nil lb( (niiliiKiil lluH llu' huge gas 
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through a multitubular boiloi coupled to a steam turbine, the 
boiler acting as an effective silencer as well as matciially 
increasing theovci-all efficiency of the plant, A gas-holder 
capable of carrying over possible short sto[)pagcs on the coke 
plant is an advantage, and a purifying system, whilst removing 
any likelihood of corrosion in the valves, etc., also secures the 
sul[)hur in a form capable of being readily converted tci a 
valuable commodity, sulphuric acid. 



1' -1 1)11 ( 'iiLi; ()\ui (las (NaUunil <Jas I' iiyiiiu ( 'o ) 


h'ig, fiK shows .in cxamplo of a Pntish type of g.is eiigino 
working on coke oven g.is ^National (las I'jigiiic Cn,, Ashton- 
under- Lyne}. 'I'his engitw' is oi tlu’ vertical tot.illy enclosed 
type, lifiving two up to six ci.inks m each set accoiding tri the 
size of the engine, the C)dindeis being aiianged in tandem 
fashion ,ind opei.iling on the four cycle oi “Otto” piiiuiple. 
'riins a 1,0(10 H 11,1*. set w'ould have fenir ci, auks, with a stioke 
of 24 in. and w-oiking at 200 i evolutions [ler minute !?y 
utilising a vertical type of engine .i considciable economy in 
flooi .space is effected, whilst the airangcment of multiple 
cylindeis brings about an exceptionally even turning move- 
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nicnt, 'I’lu; should lx; HuppUcd to the engine under 
pn'ssiire (from 1 to II in. of water above atnio.sphcre). It 
‘ihonld 1)0 free from dust, but a “dn.sty’' condition is not 
likely to arise In coking practice. It .shoukl be [)ractically 
fi'ts' IVom tar, and .should not contain more than 0-2 gm. 
Milphur per cubic metre. The quality of the cooling^ water 
and of the oil for lubrication is also an important factor. 
I){“(ail'i of a test on a National gas engine working on coke 
ov<’n gas are given Ix'low : 


1 

( las lcm[)ci'a(iirc 

1 

iH-rC. 

Half t^oad. 

lii'.r c. 

( Ins iiicssiiu' - 

;M2r) in. 

'M2r) in. 

(las used pel H.n.l*. hom ■ , 

2II cub. ft. 

21 Ml cub. fi. 

(’aloiilie powi'i o( ga.s (gross) - 

.|()H 

020 

( aloi ilic power of gas (net) - i 

H.Th.U. per ll.il.i*. hour i 

'120 

'178 


1 1,770 

1 1 P. thciinal eflic’ieiK’y - - - i 

2()-I 

21 Mi 

W'atei nse<i pel hour 

2,Hm) galls. 

11, 100 galls 

Total b.ir 1'. 

nut) 

28(1 



CHAPTER X 


GAS ANALYSIS, PYROMETRY, ETC. 

In Lhc hcicnlinc control of a coke plant the composition of 
the gas from the ovens and of Lhc waste gases, say, at the 
chimney, shcjiild Iju periodically ascertained, and for this 
pui'ijosc the authois have found the apparatus designed by 
Mr Stead to he very suitable (Eig. HO), 

The leseivoir on the left of the diagram contains mercury, 
and this is connected with the eudiometer and levelling tube 
by means of the U-shaped joint. The eudiometer or measur- 
ing tube is graduated in millimetics, and has platinum wires 
fused ihiough the upper j)ortion foi the explosion of gaseous 
niixture.s. The tube of the eudiometer is drawn out at the 
to[5 to a hole of about ;} mm,, and is connected to a 
thiee-armed capillaiy tube, to which three absoiption vessels 
may be attached (only one is shown in the figure J. The 
eaiiillary tulie is also extcndeil to the light, and tluough 
this the sample of gas is taken into the eudiometei. It will 
be seen that by laising the meiciiry lescivoii, liy means of 
a cord bolding a counterwt'ighL and passing ovei pulleys, 
the mercuiy will flow into the eudiometer, and, the tap being 
opened, any gas or aii in the tube will be toinjiletely expelled. 
The gas sample, or bottle containing the sample of gas, ina)- 
now be atta('he<l to th<' end of the capillar}' tube, and by 
loweiiiig the ineicui}’ rescrvoli any desned \'olumc' may be 
drawn into the (nidiometer for analysis, and the tap shut 
off. By means of the levelling tube the piessuie is kept 
constant, since it is open to the atmosphcic ; and ,dso, by 
means of a water jacket round the eudiometer (not shown 
in the figure), the temperature is constant, thus avoiding 
corrections otherwise necessary. The gas, after mcasuicmcnt, 
is passed into the various tubes connected to the ihrcc-aimed 
piece containing various absorbents. It will be leadily seen 

111 
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that the gase.s may be tiansforrcd from one absorbing vessel 
back to tile eiidio meter for measurement, and then into other 
absorbents as desiied, by manipulating the mercury reservoir. 

In an analj'sis of oven gas the following would be the 
piocedure : — 

Take a measured quantity of gas, say about 200 c.c., 
into the eudiometer, measuring carefully with the mercury 
at the .same level in the eudiometer and levelling tube ; then 
pas.s over into one of the absorbing vessels containing a 
solution of potassium hydrate, leaving it several minutes 
in contact; then pass back into the eiuliomctcr for mcasuie- 
mcnl. The diminution in volume is due to the absorp- 
tion of carbon dioxide. The gas is then passed into 
fuming .sulphuric acid or bromine solution, which absorb 
olefines and benzenc.s, but before final measurement any 
vaptnirs of sulphur trioxidc or bromine must be got rid of 
by passing over into the potash vessel. The next absorbent 
used is an aikaliiKi solution of pyrogallic acid (pyiogallatc 
of .soda), which takes up oxygen, and finally cuprous chloride 
is u.sed to absoib the carbonic oxide. An extra absorbing 
ve.ssel can readily be attached to one of the thiec aims, or 
detached to be ie|)laccd by .11 ly ,S])ecial ab.sorbent, 'Fhe 
remaining gases now consist of maish gas or methane, 
hydrogen, and nilrogcn. 'Vo delcrminc the two foimci, they 
arc mixed with a rcilaiii volume of aii and an clectiic spark 
I hissed aciohs the platinum wiics in the eudiometer. Hy 
this means the melh.inc becomes com cited iiUo caibon 
dioxide and uatei.and the hydiogen becomes wulei Thci(‘ 
is a conliaction in volume aflei explosion, and Ibis iscaie- 
fully me.isiiied, and then the mixluie is passed into the 
potassium hydrate to absoih the (’arbon dioxide, which is 
measuicd by the (limimition m volume aftei sevcial minutes' 
camtacl. It is advisable to t.ike abiait 20 to 25 c c. of gas 
foi explosion after remov.d of carbonic oxide, etc., b>* 
absorbents, and dilute with about 200 c c. of an fice from 
caibon dioxide. If oxygen be used the explosion would 
be violent enough to buisl the euclionictei. The methane, 
wlicn exploded with air, forms its own volume of caibon 
dioxide, hence the last absorption icprcscnts the volume of 
methane prc.sent. But in exploding, methane icquiie.s twice 
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its volume of oxygen. Therefore by taking twice the volume 
of carbon dioxide formed from the total contraction, the 
difference is the contraction clue tt) the explosion of the 
hydrogen, and two-tln’rds of lliis contraction is due to 
hydrogen. 

The nitrogen is al\va)'s estimated by difference. The 
calorific value of coke oven gas may be calculated from 
the results of llm above analysis on the basis shown in the 
table on p. 58, Vol. I., with results fairly concordant with 
tho.se arrived at by ex[)crimenl. At the same time the 
tendency in statutory conditions appears to be inclined 
towards the adoption of a calorific standard, and an instrument 
for determining the calorific jjower of a gas is almost a 
necessity on a well-conducted coke plant. Modern instruments 
are usually of the "flow" type in which a measured quantity 
of gas is burnt, and the heat transferred ti> a .supply of 
water flowing through the instrument at a uniform rate. 
From the difference in the temperatures of the inlet and 
outlet water the calorific power is estimated. 

l*'ig. 00 shows the principle of the Junker calorimeter. 
The gas, aftei passing a governor to ensure a steady pressuie, 
is burnt in the Bun.scn burner K, and the heated |)roduct.s of 
combustion rise in the chamber A and de.scend by way of a 
series of vertical tubes u surrounded by the water flowing 
through the instiumcnl. The rate of flow of the water is 
regulated by the ([uadrant tap E, and a constant head is 
seemed by the ovciflow arrangement at o. Conden.sation 
products may he collected at II and mcasuied. The appaiatus 
is enclosed in an aii jacket (J to minimise the effects of radia- 
tion. 'fhe damper C assists considerably in bringing down 
the tcmpciature of the pioducts of combustion to a point only 
a few degiccs above atmospheric teinpciatuie. "I hc Ihci- 
mometers shown give the temperature of the watei at the 
inlet and (jutlel, but in hiler types these thermometers aic 
brought to one level to assist in the reading The gas i', 
ignilc'd, and after allowing the insluimenl some time to em-ure 
a fail ly unifoi III flow of gas and water, and having adjusted 
the gas flow to a late of about (i oi 7 cub ft, per hour, the 
reading of the meter is taken, anti simullaneoiisly the water 
leaving the calorimetei is directed to .i measuring jar. After 
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burning the required quantity of gas (say about '3 cub. ft.) 
the final reading of the meter is taken, and by means of a 
swivel bend the water is diverted from the measuring jar. 



During the burning of the gas periodical leadings of thevv.iter 
thermometers aie taken, and the avciMge lise in tempcratuic 
notcfl. Then fiom these data vve may calculate the gross 
caloiific value of the gas. If wc wish to ascertain the net 
calorific value the water of condensation must be collected. 
It is found more convenient to use the metiic system in these 
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{!X|)(‘rimiJiUH, aiul llio result inuy aftcrwjirfls bo readily con- 
vorli'd fnuu calorics |)(jr cubic inclrc, etc., to Il.Th.U. per 
cubic foot. 

An (!xam[)!e of an actual lest is jpvcn below : — 

V()UiiiUM)f {'as binnl - - - 0,500 c.r, 

'rcinpuiaiuro of - - - *52" (>. 

I'rcssimj <tf nas - • - 700 min. 

{ 'ortcclcd voUiim* of {{as :■ ^ ' 


0500 X 


7ho 

700 


X 


5570 

270 1-22 


0170 r.c. or -‘JIH cub. fl. 


\VultT passed llnouj'li ealorimclcr - - 2,770 ('.r. 

Watci of ('ondcnsalion colkTted - - 0 c.c, 

'rcmprratme of water at inlet ■ • - lO'-IO" (’. 

'ri'inpcialuH* of water at oull<‘l (avoraj^e) - 2{)'2(r 
Rise ill lem|)(*raline of water - - - i)7n” 

'Tin* total ln'at piodueed i.s . 


2-770 x0 75 27’007r) eals. bess be.al icprescnted by the 

0 ( e. of water condensed -.*S x *0 I -8 cals. 


(•(> ('al. latent licat ol steam 1 sensible heat in cooling from 
100' ( lo otiilel tuinperaliirc of gas per r.c. of water.) 

'rile gloss calonfi<‘ value is - - 27 '0075 — ’2 18 or I2.'1'9. 

Till* net ealoiilie value is - (27-0075 - 1*8) — -218 ot I 15-(j. 


(’aloiies [lei eubii (eel. 'I'o eonvcit (o H.Th.U. multiply by 

0 !>0, giving 

(boss ealniilie value - - '190-5 it.’I’li.U. pei cub. ft. 

Net laloiifie value - - 157-7 M.'I'h.U. per cub. (t. 

Ill the boys e.iloi-imeU‘i a .sinallor volume of water is in 
the app.iiatus .it anj' paiticulai moment, the water flowing 
lliioiigji two spiral eoppei lubes gilled w'llh wne to assist in 

1 he .il )sl f.u I ioii o( lu*aL from the test fl.ime. I wo liimiiioiis 
(lames lioin spei ial jets aio used. 'I'he iiistimnent is veiy 
(Miiipait and 1 1 mvi-nient, the ibei momctei s being at one 
1( \i'l ,ind the [laits being e.isily ai’cessible foi tleaning, 

(.j(, (}( show’s .1 rei-i nt t)’pe of teioi<ling ctdoiiincter 
(.Siniinam e’s lot.il lle.it ( .iloimieter, Ak'x.iiidt'i- Wiigbt iSi 
Co, W'estrninslei j. In view of the piob.ible Itend of futuie 
P.irHaineiit, II)’ conditions (he insliiimeiU is designed to give 
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ca continuous record of the total heat value in gross heat 
units, recorded at normal temperature and pressure, and 
requiring no correction of any kind. An individual test can 
be made independent of the record, and means are provided 
for ensuring that the air supplied to the burner is always 
saturated at cold water temperature, and by means of a 
gravity governor variations in specific gravity are automati- 
cally neutralised. 

The control of the temperature at various parts of a coke 
plant is an important factor, For the measurement of 
tcinperatures in the by-product section generally the mercury 
thermometer is a suitable instrument, but for the temperatures 
obtaining in tlie interior of the coke oven or coke oven flues, 
boiler flues, l)asc of chimney, etc., other means arc adopted 
for ascciLaining the temperature, One very ready and con- 
venient method is l^y means of Sc'gcj’’s cones or py rose opes, 
These are made of material consisting of silicates of varying 
composition moulded into the form of tctiahedra or triangular 
p)'ramids. by varying the [n-oportions of the ingredients 
used in making the cones, it is possible to alter the temperature 
at which they fuse. I'lietc aic some fifty-eight different 
mixtui'cs having melting points langiiig from HOO” C, to 
LSTiO" C'. by subjecting a few of tliesc to tlie tempciature 
the degree of which it is desired to estimate, and noting the 
effect U|Jon Lliem, it is easy to determine, quite accurately 
for all piactic.d pin poses, what the temperature is. Tiie 
Watkin's lieat lecoidcrs aici based on somewhat similai 
l)rinciples. They consist of blocks of lefractory inateiial 
with circulai lecesses sunk in the Lop face. In these recesses 
are placc'd small pellets of fusible materials of definite com- 
position and mulling point, the lallei having been dcterminecl 
by means of a standaid ek'cLrical pyiomelci. 

VVaLkin's heat recotdeis may be used lij' inseiLing one 
at the end of an iron Lube, placing the lube inside the oven 
Hue, etc., tliKUigh an inspeclicm hole, and carefull)* .sealing up 
with clay the protiuding ends of tlie tube, as also the space 
lound the outside of the tube at llic inspection hole. Aftei 
a full five minutes the lube may be withdrawn, the condition 
of the lecorder observed, and the IcmperalLirc determined 
accordingly. In the majority of cases elcctiical or radiation 
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pyromelera arc usct), the former Ixa’nj* of the thermo-electric 
or resistance type. l''ig.s. 82 and (ill show the principle of a 
thermo-electric pyrometer of R. W. Paul, T.oiulon. 

The thermo-couple is made up of a platinum wire and 
a wire made from an alloy of ])latinum-iridiiim or platinum- 
rhodium. The wires are se[)aratcd Ijy a porcelain or quartz 
tube r, surrounded by an outer tube (^), closed at one end. 
This somewhat delicate structure is then packed in a sheath 



-Piiiiciplc (>( I'Mcctrir J’yioinoh i. 


of .seamless steel tube .s, asbestos twine A bcin^^ loosely 
inserted between the tubes as shown. On subjt*Liin,q the 
end of the pyrometer containinj^ the junction of the two 
dissimilar metals to the heal of the oven, ok , .ind connectm}*' 
the loose ends to a special ^alvanometei, a diffeience of 
potential is set up, causing a cm lent to flow, varying in 
strength accoiding to the lempeiatine diffeience between the 
ends. In the lyiie shown the cold ends aie water-cooled 
to minimise ciiors due to casual heating ol these ends. The 
galvanometer is calibiatcd to lead in degices C’entigiade or 
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Fahrenheit as desired, the range of these instruments being 
from 0° to 1,100“, 1,300", oi 1,600" C., according to the type 
chosen. The couple may l)e inserted in a coke oven flue, 
waste heat flue, boiler flue, or in the centre of a charge, and 
may be combined with apparatus giving a continuous record 
from which useful data as to the working of the plant may 
be secured. Radiation pyrometers are suitable for higher 
temperatures, and since this action depends on the radiation 
emitted by a hot body, the instrument may be placed at a 



I'K, (i;i -I'^lcdru I') lonu'ti’r. (I'l. W Piuil ) 


reasonable distaiKc fioin the fuinace, no ixjition of the 
instillment being .ictuall)’ in contact with the heated /one. 
In the Eciy pyiometci ('Cainl)ii{lgc Scientific Instiumenl 
Co.) the heat rays aie received on a concave minor, and 
focussed on to a .sensitive thei mo-couple connected to a 
millivolt me ter calibrated to read temperature directly. The 
radiation pyromctci of R. W. Paul dispenses with a focussing 
device, using a highly poli.shcd cone fitted at one end of 
a lul)e. The tube is pointed towards the hot body, and the 
heat lay.s arc reflected on to a sensitive thermo-couple at 
the apex of the cone. The intensity of the heat rays i.s 


U\ « tiKlNU l‘KAfn(’K 


j.* {!(< Mjit.uf’ tif ilio (liKiaiico, 

■ J > r., « . J sllf h><t liH) )y ijK'ludcd in Ihu 

5^1’ ssf iiUMD nt ji (liit'tilyr (M’oporliniial 

. . .!( ' "'!i lUf' I.Mloji lultUmM‘iu:U uUiev, 

’’ i*! -i . ul' lilts ilislitiKC. 

, , c . . ^ } ut »t‘ i> ■ I *'nvi'uu'jil)y ust'ti tur nKctsfimn- 
'I., -I k..!-' HU’ii lliH's nr (if ili(s inlci'iur 

> . . , „ - [It 1 tn|»J (, 

i I'ilih 
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inversely proportional to the scjuarc of the distance 
l)Ut -.since tlic area of the hot lK)dy Inclnded in the 
angle covered by the instrument is directly proportiona 
to the same diincn.sij>n, the two factors balance each other 
and the heat^ recorded is' thus independent of the distance 
Radiation pyrometers may be conveniently u.sed for ascertain- 
ing the temperatures of coke oven fines, or of the intcrioi 
of the ovens when empty. 
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